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ABSTRACT 
This experiment was carried out to evaluate the effects of using milk 
replacer on body growth and its economic feasibility in feeding Holstein Friesian 
calves. The experimental calves were divided into four groups A, B, C and D; 
calves in groups A and B were fed raw milk at a rate of 10% body weight, from 
day 6 to weaning. In addition to milk calves in group A were given dry calf 
starter from day 4, while calves in group B were given dry calf starter from day 
10, until weaning. After weaning, the calves of the two groups were shifted 
gradually from dry calf starter to a concentrate mix with good quality hay, given   
ad-libitum until 20 weeks of age, while the calves in groups C and D were fed 
raw milk from day 6 to day 15, and then fed milk replacer at a rate of 10 % body 
weight until weaning. In addition to milk replacer, calves in group C were given 
dry calf starter from day 4, while calves in group D were given dry calf starter 
from day 10 until weaning. After weaning, the calves of the two groups were 
shifted gradually from dry calf starter to a concentrate mix with good quality hay 
given ad-libitum until 20 weeks of age. The experiment lasted for twenty weeks 
extending from August 2005 to March 2006. 
The results revealed that the pre-weaning weight gain of calves fed milk 
replacer was significantly higher than that of calves fed raw milk. The pre-
weaning growth rate of the calves given milk replacer was 1.59±0.05, whereas 
the pre-weaning growth rate of the calves given raw milk was 1.47±0.07.The 
 weaning weight of calves fed milk replacer was significantly greater than the 
weaning weight of calves fed raw milk. The calves fed milk replacer gained 
0.96±0.01 kg/day as post weaning weight gain, which was significantly higher 
than the weight gain of calves fed raw milk. The average post weaning growth 
rate of the calves fed milk replacer was 0.75±0.08, which was significantly higher 
than that for calves fed raw milk. The calves fed milk replacer had 156.68±2.37 
kg at week twenty which was significantly higher than weight of calves fed raw 
milk. 
The cost of milk replacer given to groups C and D was significantly less 
than the cost of raw milk given to groups A and B. The average costs of the 
groups C, D, B and A were about 230, 234, 466 and 480 SP/head, respectively. 
The cost of dry calf starter given to groups C and D was significantly less than 
that of groups (A) and (B). The recorded values for groups C, D, B and A were 
28.6, 24.8, 36.7and 43.1 SP/head, respectively. The post weaning cost of 
concentrate given to groups A and B were significantly higher than that of groups 
C and D. The recorded values for groups A, B, C and D were 52.2, 47.9, 38.0 and 
36.0 SP/head, respectively. 
The average pre-weaning weight benefit of group C (367 SP/head) was 
significantly higher than that of group A (290 SP/head), whereas the value of 
group D was significantly higher than that of group B. The recorded values were 
327and 324 SP/head respectively. The average post weaning weight benefit of 
 group A was significantly lower than that of group C, D and B. The recorded 
values were 312.7, 433.0, 401.0 and 352.2 SP/head for group A, C, D and B 
respectively.  
The results on pre-weaning weights /cost ratio benefit revealed that group 
C had higher value (1.42) than groups D, B and A which recorded, respectively, 
1.26, 0.64, and 0.55. These results indicated that the project would be beneficial 
and feasible for group C and D and not beneficial and economically feasible for 
groups A and B. The post weaning benefit of groups A, B, C and D were 5.99, 
7.36, 11.40 and 11.16, respectively. These results indicated that the project would 
be beneficial and economically feasible for all experimental calves. 
  
 
 
 
 
 
 
 
 
 
  
 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 ﺍﳌﺴﺘﺨﻠﺺ
ﺍﺴﺘﺨﺩﺍﻡ ﺒﺩﻴل ﺍﻟﻠﺒﻥ ﻋﻠﻲ ﻨﻤﻭ ﺍﻟﺠﺴﻡ ﻭ ﺠﺩﻭﺍﻫﺎ ﺍﻻﻗﺘﺼـﺎﺩﻴﺔ ﻓـﻲ  ﺃﺜﺭ ﺘﻘﻴﻴﻡﻟ ٌﺃﺠﺭﻴﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ
ﺍﻟﻌﺠـﻭل ﻓـﻲ ﻏﹸـﺫﻴﺕ  ﻭ، ﺏ، ﺝ، ﺩ ﻤﺠﻤﻭﻋﺎﺕ ﺃ ﻋﺠﻭل ﺍﻟﺘﺠﺭﺒﺔ ﻷﺭﺒﻊ ﺴﻤﺕﻗﹸ. ﺭﻴﺯﻴﺎﻥﺘﻐﺫﻴﺔ ﻋﺠﻭل ﺍﻟﻔ
ﺍﻟﻌﺠـﻭل  ٌﺃﻋﻁﻴﺕ .ﺍﻟﺴﺎﺩﺱ ﻭﺤﺘﻰ ﺍﻟﻔﻁﺎﻡﻤﻥ ﻭﺯﻨﻬﺎ ﻤﻥ ﺍﻟﻴﻭﻡ % 01ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺃ، ﺏ ﻋﻠﻰ ﺍﻟﻠﺒﻥ ﺒﻤﻌﺩل 
ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺃ ﺒﺎﻹﻀﺎﻓﺔ ﻟﻠﺒﻥ ﺒﺎﺩﺉ ﺍﻟﻌﺠﻭل ﺍﻟﺠﺎﻑ ﻤﻥ ﺍﻟﻴﻭﻡ ﺍﻟﺭﺍﺒﻊ ﻭﺤﺘﻰ ﺍﻟﻔﻁﺎﻡ، ﻓﻲ ﺤﻴﻥ ﺃﻥ ﻋﺠـﻭل 
ﻋﻘﺏ ﺍﻟﻔﻁـﺎﻡ . ﺒﺎﻹﻀﺎﻓﺔ ﻟﻠﺒﻥ ﺒﺎﺩﺉ ﺍﻟﻌﺠﻭل ﺍﻟﺠﺎﻑ ﻤﻥ ﺍﻟﻴﻭﻡ ﺍﻟﻌﺎﺸﺭ ﻭﺤﺘﻰ ﺍﻟﻔﻁﺎﻡٌﺃﻋﻁﻴﺕ ﺍﻟﻤﺠﻤﻭﻋﺔ ﺏ 
ﺇﻟﻰ ﻋﻠﻴﻘﺔ ﻤﺭﻜﺯﺓ ﺘﺤﺘﻭﻯ ﻋﻠـﻰ ﺩﺭﻴـﺱ ﺫﻭ  ﻥ ﺘﺩﺭﻴﺠﻴﺎﹰﻤﺠﻤﻭﻋﺘﻴﺘﻡ ﺘﻐﻴﻴﺭ ﺒﺎﺩﺉ ﺍﻟﻌﺠﻭل ﺍﻟﺠﺎﻑ ﻟﻌﺠﻭل ﺍﻟ
ﺍﻟﻌﺠﻭل ﻓﻲ ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺝ، ﺩ ﻋﻠـﻰ  ﻏﹸﺫﻴﺕ .ﺃﺴﺒﻭﻉ 02ﺒﻜﻤﻴﺎﺕ ﻜﺎﻓﻴﺔ ﺤﺘﻰ ﻋﻤﺭ  ٌﺃﻋﻁﻴﺕ ﻨﻭﻋﻴﺔ ﺠﻴﺩﺓ ﻭ
ﻤﻥ ﻭﺯﻨﻬﺎ % 01ﺍﻟﻠﺒﻥ ﻤﻥ ﺍﻟﻴﻭﻡ ﺍﻟﺴﺎﺩﺱ ﺇﻟﻰ ﺍﻟﻴﻭﻡ ﺍﻟﺨﺎﻤﺱ ﻋﺸﺭ ﻭﺒﻌﺩ ﺫﻟﻙ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﺒﺩﻴل ﺍﻟﻠﺒﻥ ﺒﻤﻌﺩل 
ﺠﻤﻭﻋﺔ ﺝ ﺒﺎﻹﻀﺎﻓﺔ ﻟﺒﺩﻴل ﺍﻟﻠﺒﻥ ﺒﺎﺩﺉ ﺍﻟﻌﺠﻭل ﺍﻟﺠـﺎﻑ ﻤـﻥ ﺍﻟﻴـﻭﻡ ﺍﻟﻌﺠﻭل ﻓﻲ ﺍﻟﻤٌﺃﻋﻁﻴﺕ . ﺤﺘﻰ ﺍﻟﻔﻁﺎﻡ
ﺒﺎﻹﻀﺎﻓﺔ ﻟﺒﺩﻴل ﻟﻠﺒﻥ ﺒـﺎﺩﺉ ﺍﻟﻌﺠـﻭل ٌﺃﻋﻁﻴﺕ ﻓﻘﺩ ﺍﻟﺭﺍﺒﻊ ﻭﺤﺘﻰ ﺍﻟﻔﻁﺎﻡ، ﻓﻲ ﺤﻴﻥ ﺃﻥ ﻋﺠﻭل ﺍﻟﻤﺠﻤﻭﻋﺔ ﺩ 
ﺍﻟﺠﺎﻑ ﻟﻌﺠﻭل ﺍﻟﻤﺠﻤـﻭﻋﺘﻴﻥ  ﻋﻘﺏ ﺍﻟﻔﻁﺎﻡ ﺘﻡ ﺘﻐﻴﻴﺭ ﺒﺎﺩﺉ ﺍﻟﻌﺠﻭل. ﺍﻟﺠﺎﻑ ﻤﻥ ﺍﻟﻴﻭﻡ ﺍﻟﻌﺎﺸﺭ ﻭﺤﺘﻰ ﺍﻟﻔﻁﺎﻡ
 02ﺒﻜﻤﻴﺎﺕ ﻜﺎﻓﻴﺔ ﺤﺘـﻰ ﻋﻤـﺭ  ٌﺃﻋﻁﻴﺕ ﻜﺯﺓ ﺘﺤﺘﻭﻯ ﻋﻠﻰ ﺩﺭﻴﺱ ﺫﻭ ﻨﻭﻋﻴﺔ ﺠﻴﺩﺓ ﻭﺇﻟﻰ ﻋﻠﻴﻘﺔ ﻤﺭ ﺘﺩﺭﻴﺠﻴﺎﹰ
  .                            6002ﺇﻟﻰ ﻤﺎﺭﺱ  5002ﺃﺴﺒﻭﻉ ﻤﻥ ﺃﻏﺴﻁﺱ  02ﺍﺴﺘﻤﺭﺕ ﺍﻟﺘﺠﺭﺒﺔ ﻟﻤﺩﺓ . ﺃﺴﺒﻭﻉ
ﻓﻲ ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﻭﺯﻥ ﺍﻟﻌﺠﻭل ﻗﺒل ﺍﻟﻔﻁـﺎﻡ ﺤﻴـﺙ  ﺎﹰﻤﻌﻨﻭﻴ ﺎﹰﺃﻭﻀﺤﺕ ﻨﺘﺎﺌﺞ ﺍﻟﺘﺠﺭﺒﺔ ﺃﻥ ﻫﻨﺎﻟﻙ ﻓﺭﻗ
ﺍﻟﻴﻭﻡ ﻓﻲ ﺍﻟﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﺒﺩﻴل ﺍﻟﻠﺒﻥ ﻓﻲ ﺤﻴﻥ ﺃﻥ ﻫـﺫﻩ ﺍﻟﺯﻴـﺎﺩﺓ /ﻜﻎ16.0 ﺎﻭﻯ ﺘﺴﻜﺎﻨﺕ ﺍﻟﺯﻴﺎﺩﺓ 
ﻤﻌﺩل ﺍﻟﻨﻤﻭ ﻗﺒل ﺍﻟﻔﻁﺎﻡ ﻟﻠﻌﺠﻭل ﺒﻠﻎ . ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﺍﻟﻠﺒﻥ.ﺍﻟﻴﻭﻡ/ﻜﻎ 65.0ﻜﺎﻨﺕ ﺘﺴﺎﻭﻯ 
ﻰ ﺍﻟﻠـﺒﻥ ﻤﻌﺩل ﺍﻟﻨﻤﻭ ﻗﺒل ﺍﻟﻔﻁﺎﻡ ﻟﻠﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸـﺫﻴﺕ ﻋﻠ  ـ ﺒﻴﻨﻤﺎ ﺒﻠﻎ , 95.1ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﺒﺩﻴل ﺍﻟﻠﺒﻥ 
ﻋﻠـﻰ ﻭﺯﻥ  ﻤﻌﻨﻭﻴـﺎﹰ  ﺯﺍﺩﻜﻎ ﻭﺍﻟﺫﻱ  36.98ﻭﺯﻥ ﺍﻟﻔﻁﺎﻡ ﻟﻠﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﺒﺩﻴل ﺍﻟﻠﺒﻥ ﺒﻠﻎ . 74.1
ﺍﻟﻔﻁـﺎﻡ  ﺒﻌـﺩ  ﺍﻟﺯﻴﺎﺩﺓ ﻓﻲ ﺍﻟﻭﺯﻥﺃﻥ  ﺩﻟﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻋﻠﻲ .(ﻜﻎ )24.58ﻟﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻰ ﺍﻟﻠﺒﻥ ﻓﻁﺎﻡ ﺍ
ﺍﻟﺯﻴـﺎﺩﺓ ﻓـﻲ ﺍﻟـﻭﺯﻥ ﻋﻥ  ﺎﹰﻤﻌﻨﻭﻴﻋﻠﻲ ﺃ ﻜﺎﻨﺕ ﻴﻭﻡﺍﻟ/ﻎﻜ 69.0ﺒﻠﻐﺕ ﺍﻟﺘﻲ ﻏﺫﻴﺕ ﻋﻠﻲ ﺒﺩﻴل ﺍﻟﻠﺒﻥ ﻟﻠﻌﺠﻭل
ﻤﻌﺩل ﺍﻟﻨﻤﻭ ﻋﻘﺏ ﺍﻟﻔﻁﺎﻡ ﻟﻠﻌﺠﻭل ﺠﺩ ﺃﻥ ﻭ ﻜﺫﻟﻙ (.ﻴﻭﻡﺍﻟ/ﻎﻜ 18.0)ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻲ ﺍﻟﻠﺒﻥ 
ﻋﻥ ﻤﻌﺩل ﻨﻤﻭ ﺍﻟﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸـﺫﻴﺕ ﻋﻠـﻲ  ﺎﹰﻤﻌﻨﻭﻴﻭﺍﻟﺫﻱ ﻴﺯﻴﺩ  57.0ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻲ ﺒﺩﻴل ﺍﻟﻠﺒﻥ ﻴﺴﺎﻭﻱ 
ﻜـﻎ ﻭﺍﻟـﺫﻱ  7.651ﻟﻠﺒﻥ ﻓﻲ ﺍﻷﺴﺒﻭﻉ ﺍﻟﻌﺸﺭﻴﻥ ﻋﻠﻲ ﺒﺩﻴل ﺍ ﻏﹸﺫﻴﺕﺒﻠﻎ ﻭﺯﻥ ﺍﻟﻌﺠﻭل ﺍﻟﺘﻲ  (.86.0)ﺍﻟﻠﺒﻥ 
   .ﻜﻎ 3.341 ﻋﻥ ﻭﺯﻥ ﺍﻟﻌﺠﻭل ﺍﻟﺘﻲ ﻏﹸﺫﻴﺕ ﻋﻠﻲ ﺍﻟﻠﺒﻥ  ﺎﹰﻤﻌﻨﻭﻴﻴﺯﻴﺩ 
ﻜﺎﻨﺕ ﺘﻜﻠﻔﺔ ﺍﻟﻠﺒﻥ ﺍﻟﺒﺩﻴل ﺍﻟﺫﻱ ٌﺃﻋﻁﻲ ﻟﻠﻤﺠﻤﻭﻋﺘﻴﻥ ﺝ، ﺩ ﺃﻗل ﻤﻌﻨﻭﻴﺎ ﻤﻥ ﺘﻜﻠﻔﺔ ﺍﻟﻠﺒﻥ ﺍﻟﺫﻱ ٌﺃﻋﻁـﻲ 
 084, 664, 432, 032ﺤﻴﺙ ﻜﺎﻥ ﻤﺘﻭﺴﻁ ﺍﻟﺘﻜﻠﻔﺔ ﻟﻠﻤﺠﻤﻭﻋﺎﺕ ﺝ، ﺩ، ﺏ، ﺃ ﻴﺴﺎﻭﻱ . ﻟﻠﻤﺠﻤﻭﻋﺘﻴﻥ ﺃ ، ﺏ
 ﻋﻥ ﺍﻟﺘﻜﻠﻔـﺔ  ﺎﹰﻤﻌﻨﻭﻴﺒﺎﺩﺉ ﺍﻟﻌﺠﻭل ﺍﻟﺠﺎﻑ ﻟﻠﻤﺠﻤﻭﻋﺘﻴﻥ ﺝ، ﺩ ﺃﻗل  ﻜﺎﻨﺕ ﺘﻜﻠﻔﺔ .ﺠﻨﻴﻪ ﺴﻭﺩﺍﻨﻲ ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ
 1.34, 7.63, 8.42 ,6.82 ﻭﻗﺩ ﻜﺎﻨﺕ ﻗﻴﻡ ﺍﻟﺘﻜﻠﻔﺔ ﻟﻠﻤﺠﻤﻭﻋﺎﺕ ﺝ، ﺩ، ﺏ، ﺃ ﺘﺴـﺎﻭﻱ . ﻟﻠﻤﺠﻤﻭﻋﺘﻴﻥ ﺃ ، ﺏ
ﻋـﻥ ﺘﻜﻠﻔـﺔ  ﺎﹰﻤﻌﻨﻭﻴﻭﻋﺘﻴﻥ ﺃ، ﺏ ﺃﻋﻠﻲ ﻭﻜﺎﻨﺕ ﺘﻜﻠﻔﺔ ﺍﻟﻤﺭﻜﺯﺍﺕ ﻟﻠﻤﺠﻤ. ﺠﻨﻴﻪ ﺴﻭﺩﺍﻨﻲ ﻟﻠﺭﺃﺱ ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ
 83, 9.74, 2.25ﻭﻗﺩ ﻜﺎﻨﺕ ﻗﻴﻡ ﺍﻟﺘﻜﻠﻔﺔ ﻟﻠﻤﺠﻤﻭﻋﺎﺕ ﺃ، ﺏ، ﺝ، ﺩ ﻴﺴﺎﻭﻱ . ﺩ ﺝ،ﺍﻟﻤﺭﻜﺯﺍﺕ ﻟﻠﻤﺠﻤﻭﻋﺘﻴﻥ 
  .ﺴﻭﺩﺍﻨﻲ ﻟﻠﺭﺃﺱ ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ ﺠﻨﻴﻪ 0.63 ﻭ
ﻤﻥ ﺍﻟﻌﺎﺌﺩ  ﺎﹰﻤﻌﻨﻭﻴﺠﻨﻴﻪ ﺴﻭﺩﺍﻨﻲ ﻟﻠﺭﺃﺱ ﺃﻋﻠﻲ  763 ﺝ ﻜﺎﻥ ﺍﻟﻌﺎﺌﺩ ﻤﻥ ﺍﻟﻭﺯﻥ ﻗﺒل ﺍﻟﻔﻁﺎﻡ ﻟﻠﻤﺠﻤﻭﻋﺔ 
ﻤﻥ ﺍﻟﻌﺎﺌﺩ ﻤﻥ  ﺎﹰﻤﻌﻨﻭﻴﺠﻨﻴﻪ ﺴﻭﺩﺍﻨﻲ ﻟﻠﺭﺃﺱ ﻓﻲ ﺤﻴﻥ ﺃﻥ ﺍﻟﻌﺎﺌﺩ ﻟﻠﻤﺠﻤﻭﻋﺔ ﺩ ﺃﻋﻠﻲ ( 092)ﻭﻋﺔ ﺃ ﻤﻥ ﺍﻟﻤﺠﻤ
ﺠﻨﻴﻪ ﺴﻭﺩﺍﻨﻲ ﻟﻠـﺭﺃﺱ ﻋﻠـﻲ   423ﻭ  723 ﺍﻟﻤﺠﻤﻭﻋﺘﻴﻥ ﺩ ، ﺏ ﺍﻟﻘﻴﻡ ﺍﻟﺘﺎﻟﻴﺔ ﻭﻗﺩ ﺴﺠﻠﺕ ،ﺍﻟﻤﺠﻤﻭﻋﺔ ﺏ 
 ,ﺩ ,ﺝﻭﻋـﺎﺕ ﺍﻟﻌﺎﺌﺩ ﻤﻥ ﺍﻟﻤﺠﻤ ﻤﻥ ﺎﹰﻤﻌﻨﻭﻴﺃﻗل   ﻭﻗﺩ ﻜﺎﻥ ﺍﻟﻌﺎﺌﺩ ﻤﻥ ﺍﻟﻭﺯﻥ ﺒﻌﺩ ﺍﻟﻔﻁﺎﻡ ﻟﻠﻤﺠﻤﻭﻋﺔ ﺃ. ﺍﻟﺘﻭﺍﻟﻲ
, ﺝ , ﺠﻨﻴﻪ ﺴﻭﺩﺍﻨﻲ ﻟﻠﺭﺃﺱ ﻟﻠﻤﺠﻤﻭﻋﺎﺕ ﺃ   2.253,  104,  334,  7.213ﺏ ﻭﻗﺩ ﺴﺠﻠﺕ ﺍﻟﻌﻭﺍﺌﺩ ﺍﻟﺘﺎﻟﻴﺔ 
  . ﺏ  ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ, ﺩ 
ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻨﺴﺒﺔ ﺍﻟﻌﺎﺌﺩ ﻤﻥ ﺍﻟﻭﺯﻥ ﻋﻠﻲ ﺍﻟﺘﻜﻠﻔﺔ ﻗﺒل ﺍﻟﻔﻁـﺎﻡ ﺴـﺠل ﺃﻋﻠـﻲ ﻨﺴـﺒﺔ ﻓـﻲ 
ﺴﺠﻠﺕ ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ ﺍﻟﻤﻌـﺩﻻﺕ ﺍﻟﺘﺎﻟﻴـﺔ ﺃ ﻭﺍﻟﺘﻲ , ﺏ, ﻤﻘﺎﺭﻨﺔ ﻤﻊ ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺩ 24.1ﺍﻟﻤﺠﻤﻭﻋﺔ ﺝ ﺒﻘﻴﻤﺔ 
ﺩ , ﻟﻠﻤﺠﻤﻭﻋﺘﻴﻥ ﺝ ﺎﹰﺍﻗﺘﺼﺎﺩﻴ ﺎﹰﻭ ﻤﺠﺩﻴ ﺎﹰﻫﺫﻩ ﺍﻟﻨﺘﺎﺌﺞ ﺘﻭﻀﺢ ﺃﻥ ﺍﻟﻤﺸﺭﻭﻉ ﻴﻜﻭﻥ ﻤﺭﺒﺤ. 55.0, 46.0, 62.1
ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﻜﺫﻟﻙ ﺃﻥ ﻨﺴﺒﺔ ﺍﻟﻌﺎﺌﺩ ﻤﻥ ﺍﻟﻭﺯﻥ ﻋﻠﻲ ﺍﻟﺘﻜﻠﻔـﺔ . ﺏ, ﻭﻏﻴﺭ ﻤﺭﺒﺢ ﻭ ﻤﺠﺩﻱ ﻟﻠﻤﺠﻤﻭﻋﺘﻴﻥ ﺃ
ﻫﺫﻩ ﺍﻟﻨﺘـﺎﺌﺞ , ﻋﻠﻲ ﺍﻟﺘﻭﺍﻟﻲ 61.11ﻭ  04.11, 63.7, 99.5ﺩ ﺘﺴﺎﻭﻱ , ﺝ, ﺏ, ﺒﻌﺩ ﺍﻟﻔﻁﺎﻡ ﻟﻠﻤﺠﻤﻭﻋﺎﺕ ﺃ
  .ﻟﻜل ﺍﻟﻤﺠﻤﻭﻋﺎﺕ ﺎﹰﺍﻗﺘﺼﺎﺩﻴ ﻀﺢ ﺃﻥ ﺍﻟﻤﺸﺭﻭﻉ ﻴﻜﻭﻥ ﻤﺭﺒﺤﺎﹰ ﻭ ﻤﺠﺩﻴﺎﹰﺘﻭ
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CHAPTER ONE 
 
INTRODUCTION  
 
Holstein-Friesian breed was first introduced to Sudan in 1984 by 
Arab Company for Agricultural Production and Processing. Late pregnant 
heifers were imported from Germany in 1984 with the objective to supply 
Khartoum State and nearby rural areas with milk.  
The path to high milk production requires proper nutrition right 
from the start. For the young calf, this means high quality colostrum for 
the first 3 days of life followed by a high quality milk replacer and calf 
starter. A high quality milk replacer must provide the calf with the 
nutrients it needs to grow and remain healthy. Amino acids, 
carbohydrates, and fat are needed in the correct proportion to assure 
proper tissue growth .Minerals and vitamins are needed to keep the bones 
strong and keep the calf healthy. All of these things must be provided in a 
form that the young calf can utilize. 
Various feeding and management practices on dairy farms can 
have profound impacts on overall mortality, morbidity, and growth of the 
young calf. Successful calf growth and health depends on the 
combination of many factors related to health, management, and nutrition 
of the neonate. A wide variety of liquid feed sources are available to 
nourish the calf once it had been fed first colostrum and transition milk 
(second and subsequent milkings after first colostrum). (Compos 1983 
and McGuirk 1992). 
Whole and waste milks are excellent choices for calf feed and are 
economical under many conditions. 
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Milk replacers are also a very good source of liquid feed for calves. 
They are often very economical (second to waste milk) and, in many 
situations, are more easily adapted to the labor and facility needs of calf-
raising operations than either whole or waste milk (Fowler 1993 and 
Heinrichs 1995). 
Because of the digestive limitations of calves <3 week of age, 
ingredient formulation is critical to allow for adequate digestion, proper 
growth, and performance (Silva et al. 1986).  
Most of the dairy calves in the world were fed milk replacer during 
their liquid feeding period. Economics, convenience and biosecurity are 
among the major factors that make milk replacer feeding desirable to 
dairy calf growers.  
Due to above mention considerations the present study was carried 
out to study and compare: 
1\ The effect of milk replacer on the calf growth. 
2\ The optimum managerial program of feeding milk replacer. 
3\The economic feasibility of utilizing milk replacer as a substitute for 
whole milk. 
4\ The effect of utilizing milk replacer on calf health.   
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CHAPTER TWO   
  
LITERATURE REVIEW   
 
2.1 History of milk replacers      
Milk replacers are feeds that fed to young animals prior to 
weaning. Many dairy calves are fed milk replacers prior to weaning to 
reduce costs to the dairy producer and make whole milk available for 
sale. (Silva et al. 1986). 
Milk replacers were first manufactured in 1951. Development of 
milk replacer occurred primarily for economic reasons; prior to 1951 
calves were fed whole milk but the increasing market value of milk 
created a market for lower cost ‘milk substitutes,’ i.e., milk replacers 
(Fowler 1993).  
Land O'Lakes Company  produced  first calf milk replacer in 1951 
and  first calf milk replacer with specially processed soy flour as an 
alternative protein source in 1973.They were introduced new mixing 
technology for all-milk calf milk replacer in 1995. (Land O'Lakes 2007)  
Usage of milk replacers in the US has been reported in various 
surveys over the past few years (Heinrichs et al. 1987 and Hoard’s 
Dairyman 1990). Fluctuation in usage likely reflects several economic 
factors within the dairy industry. Data show that the percentage of farms 
that used milk replacer all or part of the time varied from 72.4% in 1979, 
to 52.0% in 1983, and 47.1% in 1987.  
According to the USDA National Dairy Heifer Evaluation Project 
(NDHEP) conducted in the United States in 1991-1992, most producers 
(>60%) fed milk replacer for at least some of the pre-weaning period. 
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Today’s high quality calf milk replacers provide several benefits to 
the calf raiser and dairy producer, including consistency of product from 
day to day, ease and flexibility of storage, disease control, good calf 
performance and economics (Davis and Drackley 1998 and BAMN 
2002).  
2.2 Ingredients of milk replacer  
Substitute milk diets for calves are generally based on dried skim 
milk, a by -product of large-scale butter manufacture, the butter fat being 
replaced by such fats as lard, tallow or coconut oil. Other ingredients may 
include hydrolyzed cereal starch, ground oilseeds, blood and bone flours, 
fishmeal and antibiotics (Petersen 1950 and Roy 1970). 
Quigley (1999) reported that the common ingredients in 
commercial milk replacers include whey, whey protein concentrate, 
animal and vegetable fat, vitamins, minerals, and amino acids. 
Alternative proteins, including soy, wheat, and potato proteins may be 
utilized sometimes. More recently, high quality animals' proteins include 
red blood cell protein and plasma proteins have been used in some 
formulations. 
Quigley and Bernard (1996) found that the composition of the milk 
replacer had no effect on weekly body weight, gain, intake of milk 
replacer or calf starter, efficiency of body weight gain, or fecal scores. 
Mean body weight gain during the 56 day study was 473 g/day, and mean 
body weight at 56 day was 65.8 kg. Calves consumed 534 and 575 g of 
DM/day of milk replacer and calf starter, respectively. 
Some previous studies have shown variable calf performance when 
vegetable oils are included in milk replacer. For example, Graulet et al. 
(2000) reported similar gains for calves fed tallow or coconut oil. Jenkins 
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et al. (1985) observed equivalent performance for tallow and coconut oils 
but markedly poorer results for corn oil. In contrast, Jenkins (1988) and 
Jenkins et al. (1986) reported better gains for tallow compared with 
coconut oil. 
Quigley (2004) noted that the whey protein concentrate is one of 
the most commonly used ingredients in calf milk replacers used in the 
U.S. Amounts used in the formula will vary according to the protein 
content of the product and availability and cost of alternative ingredients. 
Dried skim milk, butter milk, casein and other milk-based ingredients. 
Soy proteins are widely used in milk replacer formulations. Soy 
protein has an acceptable amino acid profile and is relatively inexpensive 
compared to most other alternative proteins. Because protein is usually 
the most expensive component of milk replacer formulas, soy proteins 
have long been viewed as a potential alternative to more expensive milk 
proteins (whey, casein) in milk replacer. (Quigley, 2001).   
In a summary of crude protein requirements for particular rates of 
gain for milk replacer-fed calves, Davis and Drackley (1998) determined 
that 210 g of crude protein are needed for 0.7 kg of daily gain. 
Further more, the National Research Council (2001) states that 
187.5 grams of crude protein are needed per kilogram of average daily 
gain. Consequently, the amount of crude protein required by the calf 
increases as it is fed more energy and rates of gain increase. 
Gerrits et al. (1996) reported that the efficiency of dietary protein 
use for body protein gain is highest in young calves and decreases with 
body size. Furthermore, Abdalla et al. (1988) found that Holstein calves 
fed a low-protein diet during early growth exhibited compensatory 
growth during the finishing period. 
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In some studies, growth was satisfactory, when soybean 
concentrate supplied 50% or more of the total protein in milk replacer. 
However, Morril et al. (1971) concluded that soybean concentrate could 
success fully replace 25% and not 44% of the proteins in milk replacer. 
Miller et al. (1991) used moist heat treated soya flour in their trail 
and reported good growth rate and reduced scour.  
Zafaria (1972) found that feeding calves of age 7-10 days with 
soya replacer only brought about a reduction of approximately 20% in 
their growth rates compared to those fed whole milk.    
On the other hand Otterby et al. (1981) reported that the 
replacement of milk protein by soy protein in milk replacers may result in 
low rates of body weight gain for calves (0.39 kg/day) for milk replacer 
containing skim milk protein, and (0.24 kg/day) for milk replacer 
containing soy protein.  
Compos et al. (1983) reported that the use of milk replacer 
containing 50% soya protein concentrates resulted in a 20% lower weight 
gains as compared to whole fresh milk and a lowered pH in the large 
intestine. Whereas, Kanjanapruthipong (1998) reported that the average 
daily gain of calves fed the milk replacer containing skim milk protein 
was higher (0.38 kg/day) than those of calves fed milk replacer 
containing soy protein (0.24 kg/day). 
Scott et al. (1999) fed 173 calves milk replacer containing 0, 25, or 
50% of protein as Spray-dried whole egg for a 56 days trial. Calves 
gained 0.13, 0.01, and -0.06 (kg/day), respectively for the first 14 days of 
the study, and 0.32, 0.22, and 0.19 (kg/day), respectively, during the 
entire 56 days trial.  
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Terosky et al. ( 1997) fed calves diets containing 0, 33, 66 or 100% 
of the protein from dried skim milk, calculated that the average daily gain  
of calves were 0.37, 0.36 ,0.37 and 0.39 (kg/day), respectively. 
Jaster et al. (1990a) reported that the average daily gains (from day 
3 to 42) for calves fed sweet and acidified milk replacers were 0.33 and 
0.38 kg/day, respectively. 
Blome et al. (2000) found that when used milk replacers containing 
different rates of protein, the average weight gains were 0.37, 0.45, 0.55 
and 0.61 kg/day at rates of protein 16%, 18%, 22% and26% respectively. 
Bartlett et al. (2001a) and Blome et al. (2003) showed that body fat 
content decreased as protein content increases in milk replacer with 
similar energy content.  
Raven (1970) reported that the milk fat would be the best fat 
source in milk replacer for calves because it is nutritionally unique and, 
compared with other fats, contains a relatively high proportion (15 to 
20%) of highly digestible medium-chain saturated fatty acids . 
Jaster et al. (1989) found that the weight gains were greater for 
calves fed supplemental fat in liquid diets (day 3 to 28). Average daily 
gain for calves fed whole milk, whole milk plus fat, milk replacer, and 
milk replacer plus fat were 98, 154, 120, and 187 (g/day), respectively. 
Tikofsky et al. (2001) reported that body weight gains were 0.61, 
0.61, and 0.65 kg/d for low fat, medium fat, and high fat milk replacer, 
respectively. 
Bartlett et al. (2002)  compared a growth of male Holstein calves 
fed medium and high-fat milk replacer with whole milk diets they found 
average weight gain of calves fed medium and high-fat milk replacer 
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were 0.69 kg/day and 0.53 kg/day respectively ,whereas were 0.57 kg/day 
on calves fed whole milk diet. 
2.3 Effect of milk replacer on calf growth 
Godden et al. (2003) found that the calves fed pasteurized waste 
milk gained significantly more weight (58.8 lbs) and were heavier at 
weaning (147.3 lbs) than calves fed milk replacer (44.3 lbs gain; 134.0 
lbs at weaning). Average daily gain was significantly greater in calves fed 
pasteurized waste milk (1.04 lbs/day) vs. calves fed milk replacer (0.76 
lbs/day).  
Jenkins and Bona (1987) studied the performance of calves fed 
combination of whole milk and reconstituted skim-milk powder through a 
period of 52 day. Weight gains were higher on milk than on milk/ skim- 
milk in day 1-24, but did not differ significantly among the groups, from 
the 25th day on wards (average cumulative gain to 52 day was 37.5 kg).  
Davis and Drackley (1998) reported that the growth of calves fed 
milk replacer were (289 g/day) compared to calves fed whole milk (446 
g/d). 
Khouri and Pickering (1968) fed whole milk to calves during the 
first 6 weeks of life at rates of 11.3%, 13.9%, 15.9%, or 19.4% (ad 
libitum) of body weight. Daily body weight gains during weeks 2 to 6 of 
life were 0.90, 1.10, 1.37, and 2.07 lb/d, respectively. 
Banagga (1996) conducted an experimental trial on four groups of 
Friesian calves given different feeds (whole fresh milk, skim-milk, 
protocose and protocose plus minerals) she reported that the calves fed 
whole milk scored the highest weight gain (0.94 kg/day) during the sixth 
week of the experimental period. Whereas demonstrated the least weight 
gain (0.39 kg/day) during the first week. 
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Yanar et al. (2005) studied the effect of concentrate feeding on the 
post weaning performance of Holstein Friesian calves. Average daily 
gains from birth to weaning were 0.249 ± 0.029 (kg/day), from  weaning 
to 4 months of age were 0.593 and from 4 to 6 months of age were 0.808 
± 0.035 furthermore from birth to 6 months of age were 0.598 ± 0.02. 
Kabuga and Kwaku Agyemang  (1982) found that the average 
daily gain of Canadian Holstein calves in Ghana were 0.42, 0.37, 0.50 
and 0.39 kg at 6 to 9, 9 to 12, 12 to 18 and 18 to 24 months intervals. 
During a 3 years period Pritchard et al. (1987) had observed that annually 
the average daily weight gains of calves at the last month prior to 
weaning averaged 1.39, 1.21 and 2.12 lb on four South Dakota ranches.  
The Heifer Project International (H.P.I) (1999) in Cameron worked 
on Holstein Friesian cattle reported that the average daily weight gains of 
female calves was 0.425 kg/day and at weaning calves weighed 83 kg. 
Cruywagen et al. (1995) reported that the average daily gain of 
calves fed milk replacer   for week 1 and 2, week 3 and 4 and week 5 and 
6 were -111.5, 449.7 and 652.5 g/day. 
Jaster et al. (1992) reported that the body weight gain of calves fed 
milk replacer were 328 g/day for day 7 to 28, whereas it was 357 g/day 
for day 7 to 42. 
Compinis et al. (2002) reported that the daily weight gain of calves 
fed whole milk, milk replacer based on milk protein, milk replacers with 
5 and 10 % soybean protein were 0.58, 0.39, 0.24 and 0.29 kg/day 
respectively. Whereas the final weights of calves on 120 day were 70.30, 
45.38, 31.50 and 33.70 kg for calves fed whole milk, milk replacer based 
on milk protein, milk replacers with 5 and 10 % soybean protein. 
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Langhout (2003) reported that the body weight at weaning of 
calves fed milk replacer by bucket-fed was 111 kg, when weaned calves 
at 118 days.  Moreover he reported that pre-weaning weight gain at first, 
second ,3rd and 4th month  were  0.59 , 0.50 , 0.77 and 1.07 kg/day, 
whereas post weaning weight gain were 0.71 and 0.85 kg/day at  5th and  
6th month respectively. 
Wagenaar and Langhout (2007) reported that the average live 
weight weaning of calves was 95 kg for calves fed milk replacer by 
bucket, while, the average pre-weaning growth rate of calves was 0.63 
when fed on milk replacer.    
2.4 Managerial program of milk replacer  
Rutledge et al. (1971) reported that the milk intake measured 
during the first 4 months explained a significant portion of the variation 
in 205-day weight of calves while milk consumption during the last 3 
months did not significantly reduce residual sums of squares. 
Bailey et al. (1981) estimated that at 44 day of age, milk supplied 
86% of the digestible energy, whereas at weaning, milk supplied only 
19% of the digestible energy. 
In contrast, much recent research has shown advantages of feeding 
calves more milk. When the young calves’ appetite satisfied, greater 
weight gains were seen. But improved feed efficiencies to levels 
comparable with piglets and lambs and better health (Diaz et al. 2001). 
Williams et al. (1986) reported improved efficiency of fat 
digestibility in young calves (20 day of age) fed milk replacer six times 
daily compared to calves fed once daily. 
Willett (1969) observed when milk replacer is fed only once a day, 
less water is mixed with the total daily allowance of dry replacers. This 
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more concentrated solution makes it easier for the calf to consume its 
daily allowance of replacer in one feeding, furthermore, he reported that 
the level of dry milk replacer beyond one pound daily frequently cause 
diarrhea.  
Bar-Peled et al. (1997) worked on Holstein calves found that 
calves allowed to suckle had significantly higher average daily gains 
(0.85 kg/day) than calves fed milk replacer (0.56 kg/day). However, at 12 
weeks of age, calves that were allowed to suckle had significantly lower 
average daily gains (0.60 kg/day) than calves fed milk replacer (0.71 
kg/day).  Further more, Coulibaly and Nialibouly (1998) showed that ad 
libitum suckling zebu calves grow faster than those having a restricted 
suckling regime.  
Ito et al. (2006) reported that calves weaned at 8 weeks from the 
restricted ration gained 0.74 ± 0.23 kg/day before weaning and tended to 
gain more (1.12 ± 0.15 kg/day) during the week after weaning. However, 
all calves fed ad libitum and all calves weaned at 4 weeks experienced a 
growth check at weaning.  
Canadian Holstein calves left with their dams for 14 day after birth 
were almost 29 lb heavier at 14 day of age than calves removed from the 
dam on day 1 and limit-fed whole milk at 10% of body weight daily 
(Flower and Weary, 2001). 
Drackley et al. (2002) found the average weight gain of heifer 
calves fed milk replacers (18%) and starter containing either 18% or 22% 
crude protein were 1.17 lb/day and 1.10 lb/day respectively. Whereas 
average weight gain of calves fed milk replacers (22%) and starter 
contain 18% and 22% were 1.23 lb/day and 1.32 lb/day respectively. 
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Davis and Drackley (1998) calculated that a 45 kg (approx. 99 lb) 
calf fed whole milk at 10% of body weight would consume 
approximately 2.97 Mcal of Metabolizable energy (ME) daily, if whole 
milk contains 12.5% solids. In contrast, if a calf consumed 562 g/day of 
milk replacer containing 4.4 Mcal ME/kg of DM, then its intake of ME is 
only 2.47 Mcal daily. These two calves would be expected to gain 446 
and 289 g/day when consuming milk and milk replacer, respectively, 
assuming that protein was not limiting in either case. 
Appleby et al. (2001), Jasper and Weary (2002) tested the effects 
of feeding calves ad libitum by teat they found In the first experiment that 
weight gains during the first 2 weeks of life were less than 0.4 kg/d for 
the conventionally-fed calves versus 0.85 kg/d for the teat-fed ones. 
During the next 2 weeks gains were 0.58 and 0.79 kg/d respectively. 
Whereas in a second experiment they found that the teat-fed calves 
gained weight more quickly (0.78 versus 0.48 kg/d from birth to weaning 
at day 37). Furthermore they found that over the first 5 weeks of life, 
feeding calves less milk did increase starter consumption but this practice 
also severely limited weight gains. 
Chua and Weary (2002) compared small groups (pairs), with singly 
housed calves. They fed milk ad libitum by teat and found that all calves 
remained healthy and gained 0.8 to 0.9 kg per day before weaning. 
Weight gains of the two treatment groups were similar except when 
calves were weaned: during this week gains of individually penned calves 
declined to just 0.5 kg per day, but the pair-housed calves continued to 
gain weight at pre-weaning levels. 
Jasper and Weary (2002), found that calves allowed ad libitum 
consumption of milk from an artificial teat drank 89% more milk than 
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calves limit-fed to 10% of body weight, and gained 63% more weight 
than conventionally fed calves. 
Bartle et al. (1984) concluded that each kg of calf gain required 7.5 
kg of milk and 2.3 kg of forage. However in a second trial, the authors 
observed that milk required per kg of calf gain increased to 11.3 kg. 
Increased forage intake tended to reduce calf gains. This observation was 
probably associated with decreased milk consumption. 
Hodgson (1971) and Huber et al. (1984) documented that greater 
intakes of milk replacer decrease intake of calf starter, which places this 
type of program in direct opposition to very-early weaning systems. 
Studies at Cornell University (Diaz et al. 2001) showed that gain to 
feed ratios were improved 20% by increasing the rate of gain to 143 lb 
body weight from 1.15 lb/d to 2.05 lb/d. In own research (Bartlett 2001b), 
increasing the rate of feeding a reconstituted milk replacer (26% protein) 
from 10% of body weight to 14% to 18% resulted in increased growth 
rates (0.79, 1.55, 2.26 lb/d). 
Pollard et al. (2003) showed that increased liquid feeding rates do 
impact voluntary starter intake. Whereas, Richardson and Oliver (1979) 
observed that milk intake depressed solid food dry matter intake. 
Jasper and Weary (2002) reported average daily gain for the calves 
fed milk ad libitum was 0.8 ± 0.1 kg in the first week after birth, 
compared to 0.2 ± 0.1 kg for the conventionally fed calves. Furthermore 
Jasper and Weary (2002) calculated average daily gain, for each of the 
three phases of the experiment: pre-weaning (day 0 to 36) were 0.78 
kg/day, weaning (day 37 to 42) were 0.36 kg/day, and post weaning (day 
43 to 63) were 0.68 kg/day for ad libitum fed calves .whereas calves fed 
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conventionally goaled 0.48 kg/day at pre-weaning, 0.53 kg/day at 
weaning and 0.85 kg/day at post weaning. 
Indeed, a number of studies have shown that feeding increased 
quantities of milk or milk replacer improves the rate of calf weight gains 
(Marshall and Smith, 1969).  
De Passillé et al. (2004) reported weight gains of ad lib fed calves 
from day 0 to day 21 were higher (25.2kg) than for limit-fed calves 
(11.9kg). However, from day 21 to weaning, limit-fed calves gained more 
than ad lib fed calves (24.1kg versus 19.1kg). 
Quigley et al. (2005) reported that calves fed milk replacer by 
computer and housed in groups had greater body weight gain (698 g/day) 
than calves fed milk replacer from bottle (578 g/day). 
Schiessler et al. (2002) reported that the, calves can grow as well 
when fed ad libitum on the computerized milk feeder as they do on the 
dam. Furthermore, De Passillé et al. (2004) dedicated that the, daily gains 
from birth to 4-6 weeks of age averaged 0.43 kg on initial low milk diet 
and 0.50 kg on the later, higher intake diet. 
On the other hand Maatte and Verhoeff (1991) reported reduced 
rate of body weight gain in veal calves housed in groups and fed via 
computerized milk feeding system compared to those housed in 
individual crates and fed from buckets.  
Whereas Johnson and Elliot (1972) dedicated that the partial 
efficiency of milk metabolizable energy (ME) for body weight gain has 
been estimated as 0.63. An estimated 450 kg of forage dry matter would 
have been consumed by weaning. 
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2.5 Effect of milk replacer on calf health 
Many studies have found that calves will grew better and be 
healthier if fed to appetite. (Weary 2001 and Hammon et al. 2002).    
Diseases such as scours in calves decrease performance and may 
require the use of therapeutic agents. Greater than 62% of deaths in 
calves are attributed to diarrhea or other digestive problems (NAHMS, 
2003).  
The National Dairy Heifer Evaluation Project (NDHEP) (1996) 
survey indicated that 60.5% of deaths in preweaned calves were due to 
scours and diarrhea. Scours and diarrhea result when the calf is subjected 
to nutritional stress that upset the delicate balance between the animal, its 
environment, and etiological agents (McGuirk, 1992). Davis and 
Drackley (1998) list 5 major stressors that may result in scours: birthing 
in an unsanitary environment, inadequate colostrum intake, poor 
colostrum quality, overfeeding or feeding a poor quality of milk replacer 
and  housing in unsanitary, overcrowded, and poorly ventilated 
conditions. Reducing these stresses may reduce the risk of calf mortality 
considerably.  
Neonatal calf diarrhea (NCD), also known as calf scours, is a 
common disease affecting the newborn calf. The most critical period is in 
the first few days following birth of the calf. Greatest losses occur when 
calves are kept in close confinement, where the opportunity for 
transmission of the causative agents of NCD is enhanced by their build-
up in the environment. (Bicknell and Noon 1993). 
Neonatal diarrhea is one of the main causes of calf death 
worldwide and also of financial loss in the cattle industry. The mean 
incidence of diarrhea in individual herds of cattle can be as high as 80% 
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(Cornaglia  et al. 1992 and Wright et al. 1995), therefore, rates of 
diarrhea >50% are not unusual. The mortality rate was reported to vary 
between 1.5 and 8% (Bendali  et al. 1999), although rates up to 25% have 
been described (Frank and Kaneene, 1993). More than 52% of diarrhea 
cases and about 60% of all losses occur within the first 7 to 10 d of life 
(Virtala et al.  1996 and Bendali et al.  1999). 
Milk replacers in some parts of the world are supplemented with 
Antibiotic to reduce the effects of diarrhea prior to weaning. According to 
Heinrichs et al. (1995), more than half of all producers in the U.S. 
surveyed during the National Dairy Heifer Survey in 1991 used 
Antibiotic containing milk replacers at least part of the time. 
On the other hand Cruywagen et al. (1995) evaluated the effect on 
young calves of daily dietary supplementation with Lactobacillus 
acidophilus, reported that there was no relationship between occurrence 
and severity of diarrhea and body weight changes. 
Gardner et al. (1989) observed diarrhea was common in calves fed 
the soy products. Using a coding system of 1 for normal through 4 for 
very watery diarrhea, the average value was 4. Color of the feces ranged 
from yellow to grey to black. Mortality on the soy replacers was 
substantial. 
Huuskonen et al. (2005) reported the use of vegetable oil mixtures 
in milk replacer did not cause a higher incidence of diarrhea (days % of 
feeding days, there were no clear differences in severity of diarrhea) 
compared with lard in milk replacer.  
Ternouth et al. (1985) fed calves calf milk replacer for ad libitum 
consumption for 12 weeks found there was no change in fecal 
consistency with diet concentration although there was a softer 
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consistency of the feces with increasing age mainly due to reduced values 
at 11 and 12 weeks of age which was due to an outbreak of disease. 
Huber and co-workers (1984) fed calves whole milk from 3 to 48 
days of age at weaning resulted there were no effects on fecal scores or in 
the number of days that calves were medicated. 
Lodge and Lister (1973) fed Holstein bull calves whole milk they 
found that the addition of large amounts of glucose tended to increase the 
rate of scours in some of their experiments. 
Bartlett et al. (2006) and Cowles et al. (2006) fed calves on 
restrictive amount of calf milk replacer observed there no increased fecal 
scores in their experiments. Also, Jasper and Weary (2002) reported that 
when fed calves milk replacer for ad- libitum consumption there was no 
increased fecal scores. 
2.6 Economics of using milk replacer 
Davis and Drackley (1998) found contemporary formulations in 
growth rates similar to calves fed whole milk with the benefit of lower 
cost per unit gain. However, identifying a high-quality and low-cost 
protein source has been challenging.    
The choice to feed milk replacer, instead of salable whole milk, is 
often an economic decision, because the cost of using milk replacers was 
lower than the cost of whole milk. It has been estimated that, at $13/cwt 
for salable whole milk, there is a $12 economic advantage to feeding milk 
replacer (BAMN 2002). 
Colvin et al. (1968) reported that from the stand point of economy 
in animal production the increased use of plant protein in milk replacer 
was an important goal.  
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Kertz et al. (1998). Observed the feed cost per increase in wither 
height is lowest during the first 2 month. 
Quigley (1998) reported that the newer technologies, using high 
quality animal proteins provide a highly digestible source of protein and 
energy at an excellent price. Older technologies, such as alcohol treated 
soy protein, provide fewer nutrients at a similar price.    
The current convention of raising calves in North America has 
worked reasonably well and allows producers to wean healthy calves at 
less than 5 weeks of age and at minimal cost. (NAHMS 2003). 
Compinis et al. (2002) reported that cost of whole milk, milk 
replacer based on milk protein, milk replacers with 5 and 10 % soybean 
protein per kg weight gain were 3.34, 3.53, 4.45 and 2.92 Dollars / kg 
weight gain, respectively. 
Brown et al. (2005) reported that the feed cost per kilogram of 
body weight gain were   2.65 and 2.87 Dollars /kg for calves fed milk 
replacer at rate 1.1 % of body weight and starter restrictively and calves 
fed milk replacer at rate 2% of body weight and starter ad libitum 
,respectively. 
Further more, Quigley et al. (2006)  reported the feed cost per 
kilogram of body weight gain was higher (P<0.05) for calves fed milk 
replacer were 1.77, 1.92, and 2.31 Dollars for calves fed milk replacer at 
454 , 681, and 908 g/day, respectively. Whereas the costs of calf starter 
intake were 25.67±1.75, 16.75±1.60 and 17.85±1.63 Dollars respectively. 
Jaster et al. (1990b) reported that the feeding 41 day whole milk 
costs 1.32 €/day in contrast to the 500 g/day of milk replacer that costs 
0.72 €/day.  
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CHAPTER THREE 
  
MATERIALS AND METHODS  
 
3.1 Location and history  
The present study was conducted at the farm belonging to Azaheer 
Company, formerly known as Arab Company for Agricultural Production 
and Processing. This farm is considered as one of the first ideal farms in 
Sudan as regards to housing construction and management. The aim of 
this farm was to meet the local demand for fresh milk and support dairy 
industry.  
The farm is located at Elbagair about 40 km south of Khartoum. It 
lies on latitude (15° 23) N, longitude (32° 41) E, at the height 376 meters 
above sea level and extends on an area of 2300 hectares. 
The area is characterized by sporadic rainfall during July-October. 
The ambient temperature in the site is high with an annual mean of 
37,9C° and extremes of over 41.9 C°. The hottest months are May and 
June with a mean of about 41.2 C°. The lowest temperatures were 
recorded in January with a mean of 14.5 C°. Mean temperature; Relative 
humidity and total rainfall in the area were shown in table (3-1). 
The parent stock consisted of 500 late pregnant Holstein Friesian 
heifers imported from West Germany in 1984. The calves involved in the 
experiment were from dams and grand dams that were born in the farm.  
3.2 Meteorological data 
Meteorological information on temperature, relative humidity and 
rain fall at the time of investigation were collected from Sudan 
meteorological authority (2006), table (3-1).  
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3.3 General Herd Management  
3.3.1 Housing 
Animals were kept in open sided pens, with long axes oriented 
East-West and constructed with iron bars. The roof was made of 
galvanized zinc-coated with a heat insulation material, with slope sided. 
The floor was made of concrete with slight slope to facilitate drainage. 
Automatic water bans attached to the pens. 
The animals in the farm were divided into young calves, heifers, 
dry herd, milking herd, cows in pregnancy and stud bulls. 
The calves are individually penned during the suckling period, 
after weaning they are grouped according to sex, age and size.  
3.3.2 Feeding    
The new born calves were fed colostrum by milking colostrum 
from dams and feeding it to calves ad-libitum within the first hour, until 
the fifth day of life. Adjusted 3-5 times daily. Followed by the whole 
milk at a rate of 10% of body weight, twice daily till weaning.  
In addition to liquid feeds, high quality dry calf starter was fed to 
calves till weaning, also, calves were had an access to clean water from 
an open water utensils. Calves were gradually weaned by reducing their 
meal to 2 liter of whole milk twice a day in week 11, and 2 liter of whole 
milk once a day in week 12.and they were weaned in week 12.  
The weaned calves were shifted gradually from calf starter to a 
concentrate mixed with good quality hay fed free-choice ad libitum until  
10 months of age .The growing heifers were given high quality roughages 
offered ad libitum until about 14 months of age together with some 
concentrate.  
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The nutrition of the cows in the farm composes of concentrate and 
roughage (green fodder and dry fodder). The type of roughage through 
out the period of study was not constant; it varied according to the type of 
fodder available in the market. Feeds of milking cows were delivered as 
total mixed ration (Abu70) and concentrate given at a ratio of 40:60.   
The ration was given to cows according to their milk production (1 kg per 
2.5 kg milk), with Berseem (Medicago sativa) ad libitum.  
The dried cows were given the total mix ration at a rate of 1-2 
kg/day with green fodder (Abu70).    
The animals had free access to salt lick and clean water from 
automatic water bans attached to the pens. 
3.3.3 Breeding practice 
The most common breeding practice is Artificial Insemination 
(A.I). Heifers were inseminated at 17-19 month of age or 350 kg of their 
body weight. 
3.3.4 Milking system 
The cows were machines milked twice a day in the summer and 
three times a day in the winter. Daily, weekly, monthly and annually milk 
production were recorded. 
3.3.5 Health care 
Yearly routine vaccination of animals against diseases such as 
Contagious Bovine Pleuro Pneumonia, Anthrax, Black quarter, 
Hemorrhagic Septicemia, Foot and Mouth Diseases and Brucellosis were 
carried out. Regular spray in order to control ticks and testing for mastitis 
were performed in the farm. 
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3.3.6 Identification and Records 
Herd was identified by ear tags, and had been given various 
numbers for calves, heifers and cows, which corresponded with each 
animal page in the records. The farm records contain information about 
each individual animal, regarding production, reproduction and health. 
 
Dehorning and Hooves trimming 3.3.7  
The newborn calves were dehorned by an electrical device to 
eliminate the risk of injuries. Cow's hooves were trimmed hoof cutter 
regularly. 
3.4 Experimental animals 
Thirty-eight female Holstein Friesian calves included in the trial 
were chosen from the borns of Azaheer Company. The experimental 
calves were divided into four groups A, B, C and D; calves in group A 
and B were fed raw milk at a rate of 10% body weight, from day 6 to 
weaning. Calves in group A in addition to milk were given dry calf starter 
from day 4, while calves in group B in addition to milk were given dry 
calf starter from day 10, until weaning, after weaning the calves of the 
two groups were shift gradually from dry calf starter to a concentrate mix 
with good quality hay which given    ad-libitum until 20 weeks of age, 
while the calves in group C and D were fed raw milk from day 6 to day 
15, and then fed milk replacer at a rate of 10 % body weight until 
weaning. Calves in group C in addition to milk replacer were given dry 
calf starter from day 4, while calves in group D in addition to milk 
replacer were given dry calf starter from day 10 until weaning. After 
weaning the calves of the two groups were shift gradually from dry calf 
starter to a concentrate mix with good quality hay which given ad-libitum 
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until 20 weeks of age. The experiment was conducted from August 2005 
through March 2006. 
3.5 Housing and Management 
During the last 2 weeks before the dam calving, the dam was kept 
away from the herd in cleaned, bedded and sanitized maternity stall.              
After calving the new born calves navels were treated with tincture 
of iodine, weighed, fed colostrum within the first 1 hour, ad-libitum and 
trained to drink from bucket feeding before separation from their dams. 
Then they were identified, placed in individual hutches for 15 days 
(plate1), after that they were assigned in birth order to four treatment 
groups each in separate pen. 
Pens were kept clean and sanitized daily and bedding was changed 
regularly. The calf-barns were cleaned and fresh feed added every day, 
fresh water was provided daily in pails placed in each pen for the first 4 
days (plate 2), after that the calves were trained to drink  from automatic 
fountains. 
On day 15 calves were dehorned, injected with Multi vitamin and 
given internal parasite drench (Albendazol) every 2 weeks. All calves 
were weighed weekly. 
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Plate (1): Individual calves hutches in Azaheer farm 
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Plate (2): The calves pens in Azaheer farm 
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3.6 Feeding Regimes 
3.6.1 Liquid diet  
All calves in each treatment group were fed liquid diet by bucket 
feeding from birth until weaning.  
3.6.1.1 Feeding of colostrum  
The calves were fed colostrum by milking colostrum from dams 
and feeding it to newborn calves ad-libitum, within the first hour after 
birth until the fifth day of life. Adjusted 3-5 times daily.   
3.6.1.2 Feeding of raw milk 
The calves in group A and B were fed raw milk at 10% of their 
body weight, twice daily after colostrum period. Composition of the raw 
milk was shown in table (3-2).     
3.6.1.3 Feeding of milk replacer 
Calves in group C and D were fed milk replacer twice daily at 10% 
of body weight. The milk replacer was prepared by placing 7 liter of 
water into the mixing vessel and heating it to 45C°. 1kg powder of the 
milk replacer was added to 7-liter water according to the manufacturer's 
recommendation. The guaranteed analysis of the commercial milk 
replacer was shown in table (3-3). 
3.6.2 Dry calf starter 
A dry calf starter (concentrate mix) was formulated using a 
combination of wheat bran, sorghum, groundnut cake and dried berseem 
(Medicago sativa) in addition to a constant amount of salt and Ca Co3. 
The levels of crude protein and energy were within the range of 16-18% 
and 11 Mj/kg DM respectively. The ingredients and chemical analysis of 
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the dry calf starter fed during the pre-weaning period were shown in 
tables (3-4) and (3-5) respectively. 
The concentrate was offered to the two groups at ad libitum basis 
starting from the first week of age. The daily consumption of the starter 
was calculated till the end of the experiment. 
3.7.1 Experimental calves Groups (A and B) 
The calves in group A and B were fed raw milk at a rate of 10% 
body weight, twice daily from day 6 to weaning. Calves in group A were 
fed dry calf starter from day 4, while calves in group B were fed dry calf 
starter from day 10, until weaning, after that calves were shift gradually 
from dry calf starter to a concentrate mix with good quality hay which 
given ad libitum until 20 weeks of age. The ingredients and chemical 
analysis of the dry calf starter fed during the post weaning period were 
shown in tables (3-6) and (3-7) respectively. 
3.7.2 Experimental calves Groups (C and D)  
The calves in group C and D were fed raw milk from day 6 to day 
15, and then fed milk replacer at a rate of 10 % body weight until 
weaning. Calves in group C were fed dry calf starter from day 4, while 
calves in group D were fed dry calf starter from day 10 until weaning. 
After weaning calves were shift gradually from dry calf starter to a 
concentrate mix with good quality hay which given ad libitum until 20 
weeks of age. The ingredients and chemical analysis of the dry calf starter 
fed during the post weaning period were shown in tables (3-6) and (3-7) 
respectively. 
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3.8 Data collection 
  The following observations and data were collected: 
1. Birth weight of calves was taken immediately after birth and 
when the calves were dry. 
2. Live weight was taken (kg) every week. 
3. Weaning weight of calf was taken at three month of age. 
4. Weight at 20 weeks of age was recorded. 
5. Health hazards, such as diarrhea, pneumonia, eye infection 
…etc were recorded.   
6. Raw milk consumed by calves during the experimental period 
was recorded and financially evaluated. 
7. Milk replacer consumed by calves during the experimental 
period was recorded and financially evaluated. 
8. Dry calf starter consumed by calves during the experimental 
period was recorded and financially evaluated. 
   To study the follow parameters: 
3.8.1 Pre-weaning average daily weight gain (kg/day) 
This gain was calculated from birth till weaning by the following 
equation:                                        
Weaning weight − Birth weight 
90 
 
3.8.2 Post weaning average daily weight gain (kg/day) 
This gain was calculated from weaning till week 20 by the 
following equation:  
Weight at week 20 − Weaning weight 
50 
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3.8.3 Pre-weaning growth rate 
This rate was calculated from birth till weaning by the following 
equation:  
      Weaning weight − Birth weight 
Birth weight 
 
3.8.4 Post weaning growth rate 
This rate from weaning till week 20 calculated by the following 
equation:  
Weight at week 20 − Weaning weight 
Weaning weight 
 
3.8.5 Benefit of weights / cost ratio (B/C Ratio) 
This is ratio obtained by dividing the present value of the benefit 
by the present value of the cost. It compares the present value of the 
benefit and cost by the following equation: 
Benefit /cost ratio (B/C ratio) = Discounted gross benefit 
                                       Discounted gross cost 
Whereas: 
If the ratio equal one or more than one, the project was accepted 
economically.  
If the ratios lower than one, the project was un accepted 
economically.                                      
3.9 Statistical analysis 
Mean, standard error and correlation coefficient of different traits 
were computed. Analysis of variance was carried out by using the 
completely randomized design. Duncan's multiple range test was used 
with factor that had significant effect on the traits studied. All techniques 
of statistical analysis were conducted using the computer program 
statistical package for social sciences (SPSS 13, 2001).       
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Table (3-1): Temperature (Temp.), Relative Humidity (R.H.) and Rain 
Fall (R.F.) in the area during the experimental period. 
 
R.F. mm  R.H. %   
Temp. ºC              Element  
  Month  Minimum Maximum  
30.3  60  26.1  38.0  August - 2005 
Trace 48  27.3  39.4  September - 2005   
-  30  26.6  39.9  October - 2005 
-  25  21.1  36.2  November - 2005  
-  35  20.1  34.8  December - 2005  
-  23  22.4 35.0  January - 2006 
-  21  20.8  34.4  February - 2006 
-  13  21.8  37.4 March - 2006
 
 
Table (3-2): Chemical composition of raw milk. 
 
%  Constituent 
13.0 Total solid
3.4 Protein
3.8  Fat
0.72 Ash
  
 
Table (3-3):  The chemical composition of milk replacer. 
 
% Constituent 
1.6 Moisture
22.9 Crude protein
10.0 Crude fat 
12.0  Ash
0.8 Crude fiber 
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Table (3-4): Dry calf starter fed during the pre-weaning period. 
 
% Feed 
25  Groundnut cake
35 Sorghum Feterita
37 Wheat bran
2 Ca2 CO3 
1 Salt
 
Table (3-5): Dry calf starter chemical analysis.  
   
% Constituent 
96.4 Dry matter
24.3  Crude protein
3.8 Crude fat
13.2 Crude fiber 
7.9 Ash
  
  
Table (3-6): Concentrate fed during the post weaning period. 
 
% Feed 
36.3  Groundnut cake
11.3 Cotton cake
11.3  Sorghum Feterita
36.3 Wheat bran
2  Ca2 CO3
1 Salt 
 
  
Table (3-7): Concentrate chemical analysis. 
   
% Constituent 
97.2 Dry matter
22.3  Crude protein
4.2 Crude fat
14.3 Crude fiber 
6.7 Ash
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CHAPTER FOUR 
  
RESULTS  
 
4.1 Calves' growth  
 
4.1.1 Pre-weaning weight gain  
 
This gain was studied from birth to weaning (at 3 months of 
age).The data in Table (4-1) indicated that calves fed milk replacer grew 
faster than calves fed raw milk. The average pre-weaning weight gains 
were 0.61±0.01 and 0.56±0.01 kg/day respectively.  
 
Table (4-1): Pre-weaning weight gain of calves fed milk replacer and raw 
milk.  
Standard 
Error 
Average daily pre-weaning 
weight gain (kg/day) 
Feeding 
regime 
±0.01  0.61 a   Milk replacer 
±0.01  0.56 b   Raw milk 
  
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
 
4.1.2 Pre-weaning growth rate  
 
This rate was studied from birth to weaning (at 3 months of age).  
The data in table (4-2) indicated that calves fed milk replacer grew 
faster than calves fed raw milk .The average pre-weaning growth rate for 
calves fed milk replacer and raw milk were 1.59±0.05 and 1.47±0.07 
respectively. 
 
 
33 
 
Table (4-2) Pre-weaning growth rates of calves fed milk replacer and raw 
milk.   
Standard 
Error 
average pre-
weaning growth rate
 
Feeding regime 
±0.05  1.59 a   Milk replacer 
±0.07  1.47 b   Raw milk 
     
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
4.1.3 Weaning weight  
 
The data in table (4-3) indicated that the weaning weight of calves 
fed milk replacer was significantly (P<0.05) higher than that of calves fed 
raw milk. The recorded values were 89.63±1.57 and 85.42±1.78 kg for 
milk replacer and raw milk respectively.      
 
Table (4-3): The effect of feeding milk replacer and raw milk on calves 
weaning weight. 
   
Standard 
Error 
Mean weaning weight 
(kg) Feeding regime 
±1.57  89.63 a  Milk replacer 
±1.78  85.42 b  Raw milk 
        
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
 
4.1.4 Post weaning weight gain  
 
This gain was studied from weaning to twenty weeks of age. The 
data in table (4-4) highlighted the effect of milk replacer and raw milk  on 
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the post weaning weight gain and indicated that calves fed milk replacer 
had significantly (P<0.05) higher post weaning weight gain compared to 
calves fed raw milk. The recorded values were 0.96±0.01 and 0.81±0.02 
kg/day respectively.   
 
Table (4-4): Post weaning weight gain of calves fed the milk replacer and 
raw milk.  
Standard 
Error 
Mean post weaning 
weight gain (kg/day) Feeding regime 
±0.01  0.96 a   Milk replacer 
±0.02  0.81 b   Raw milk 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
 
4.1.5 Post weaning growth rate  
 
This growth rate was studied from weaning to twenty weeks of 
age. The data in table (4-5) showed that calves fed milk replacer obtained 
significantly (P<0.05) higher post weaning growth rate (0.75±0.08) than 
calves fed raw milk (0.68 ±0.14).  
   
Table (4-5) : Post weaning growth rate of calves fed milk replacer and 
raw milk. 
    
Standard 
Error 
Average  post weaning 
growth rate Feeding regime 
±0.08  0.75a  Milk replacer 
±0.14  0.68 b  Raw milk 
   
a, b: Means in the same column followed by same superscript are not 
significantly different (P>0.05).  
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4.1.6 Weight at week twenty 
The data in table (4-6) highlighted the effect of feeding milk 
replacer and raw milk on weight at week twenty. The data indicated that 
weight at week twenty of the calves fed milk replacer was significantly 
(P<0.05) higher than that of calves fed raw milk. The respective values 
for weights at week twenty of calves fed milk replacer and raw milk were 
156.68±2.37 and 143.37±2.97 kg.  
 
Table (4-6): Effect of feeding milk replacer and raw milk on calves 
weight at week twenty. 
 
Standard 
Error 
Weight at week 20  
(kg) Feeding regime 
±2.37  156.68 a   Milk replacer 
±2.97  143.37 b   Raw milk 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
4.1.7 Pre-weaning weight gain as affected by milk replacer, raw milk 
and dry calf starter 
  
The data in table (4-7) portrayed that the group maintained on 
supplement A secured a value of 0.52±0.03 kg/day. Group B and group D 
on other hand recorded values of 0.57±0.02 and 0.60±0.02 kg/day 
respectively, while group C value was 0.65±0.02 kg/day. The differences 
however did not attain a statistical significance.      
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Table (4-7): Pre-weaning weight gain of calves at different nutritional 
supplements.  
Supplement Mean (kg/day) Standard Error 
A 0.52  ±0.03 
B 0.57 ±0.02 
C 0.65 ±0.02 
D 0.60 ±0.02 
 
4.1.8 Pre-weaning growth rate of calves at different nutritional 
supplements.  
The data in table (4-8) indicated that there were significant 
(P<0.05) differences between pre-weaning growth rate of calves in 
different groups of experiment except between pre-weaning growth rate 
of calves of group B and group D. Calves of group C grew at the fastest 
rate (1.68±0.06), while the slowest rate was attained by calves of group A 
(1.27±0.09).  
Table (4-8): Pre-weaning growth rate of calves of different groups. 
  
Supplement Mean  Standard Error 
A 1.27 a  ±0.09 
B 1.51 b  ±0.06 
C 1.68 c  ±0.06 
D 1.65 b  ±0.06 
 
a, b and c: Means in the same column followed by same superscript 
are not significantly different (P>0.05). 
 
The data in Fig.(1) indicated that calves of group C supplement 
grew faster than calves of group A, B and D supplements. Following the 
same lines calves of group D grew faster than calves of group A and 
group B supplement, while the lowest average growth was attained by 
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calves of group A. This illustrated that, the calves fed milk replacer grew 
faster than calves fed raw milk.  
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Fig. (1): Pre-weaning growth curves of the experimental calf groups 
fed milk replacer and raw milk. 
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4.1.9 Weaning weight as affected by milk replacer, raw milk and dry 
calf starter 
The data in table (4-9) verified that calves at group A had the 
lightest weaning weight (83.67±2.91 kg) followed by calves at group B 
and group D (86.10±1.72 and 87.00±2.18 kg respectively), while calves 
at group C had the heavier weaning weight (93.56±2.09 kg).The 
difference, between the four groups indicate the significant effect of 
supplementation on this trait (P<0.05).  
 
Table (4-9) Effect of milk replacer, raw milk and dry calf starter on 
weaning weight.  
Supplement Mean (kg) Standard Error 
A 83.67 b ±2.91 
B 86.10 b ±1.72 
C 93.56 a ±2.09 
D 87.00 b ±2.18 
  
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
4.1.10 Post weaning weight gain as affected by milk replacer, raw 
milk and dry calf starter 
   
The data in table (4-10) showed that there were significant 
differences (P<0.05) between post weaning weight gain of calves in 
different groups. The calves of group A had the smallest weight gain 
(0.70±0.02 kg/day), while the calves of group C had the greatest weight 
gain to week twenty (0.92±0.02kg/day). Whereas The calves of group B 
and group D ranking intermediate with a post weaning weight gain of  
0.82±0.01 and 0.84±0.02 kg/day respectively. 
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Table (4-10): post-weaning weight gain of calves at different nutritional 
supplements.  
Supplement Mean (kg/day) Standard Error 
A 0.70 c  ±0.02 
B 0.82 b  ±0.01 
C 0.92 a  ±0.02 
D 0.84 b  ±0.02 
 
a, b and c: Means in the same column followed by same superscript 
are not significantly different (P>0.05). 
4.1.11 Post weaning growth rate of calves at different nutritional 
supplements.  
The data in Table (4-11) pointed the effect of different nutritional 
supplements on post weaning growth rate. The data indicated that calves 
of group C had the highest growth rate value (0.89±0.10), while calves of 
group A had the lowest growth rate value (0.65±0.17). Further more, 
calves in group B showed post weaning growth rate (0.81±0.09) almost 
similar to calves in group D (0.86±0.11. 
 
Table (4-11): Post-weaning growth rate of calves at different groups. 
 
Supplement Mean Post weaning 
growth rate  
Standard 
Error 
A 0.65 b  ±0.17 
B 0.81 a  ±0.09 
C 0.89 a  ±0.10 
D 0.86 a  ±0.11 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
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The data in Fig. (2) indicated that the highest average post weaning 
growth was attained by calves of group C supplement. Following the 
same lines calves of group D supplement grew faster than calves of group 
A and group B supplement, while the lowest average growth was attained 
by calves of group A supplement. This illustrated that, calves fed milk 
replacer were grew faster than calves fed raw milk. 
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Fig. (2): post weaning growth of the experimental calf groups fed 
milk replacer and raw milk. 
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4.1.12 Weight at week twenty as affected by milk replacer, raw milk 
and dry calf starter 
 
As seen in table (4-12), the weight at week twenty of calves in 
group C (165.73±2.77 kg) was highly significantly (P<0.01) different 
from that of group A (135.78±2.02 kg), and significantly (P<0.05) 
different from that of group B and D, while, calves in group B showed 
weight at week twenty (144.80±2.00 kg) almost similar to calves in group 
D (153.84±4.04 kg). 
 
Table (4-12): Weight at week twenty of calves groups of different 
nutritional supplements.   
Supplement Mean (kg) Standard Error 
A 135.78 c ±2.02 
 B 144.80 b ±2.00 
 C 165.73 a ±2.77 
 D 153.84 b ±4.04 
 
a, b and c: Means in the same column followed by same superscript 
are not significantly different (P>0.05). 
4.1.13 Correlation between the traits of calves under study 
 
Data in table (4-13) showed the correlation between the traits 
studied. The results indicated that birth weight was positively correlated 
with weaning weight and weight at week twenty (r=0.37 and 0.56, 
respectively), and negatively correlated with pre-weaning daily weight 
gain, post weaning daily weight gain, pre-weaning growth rate and post 
weaning growth rate (r=-0.11, -0.21, -0.67 and -0.75, respectively). 
Weaning weight was positively correlated with weight at week 
twenty, pre-weaning daily weight gain, post weaning daily weight gain, 
pre-weaning growth rate and post weaning growth rate (r=0.72, 0.88, 
0.61, 0.44 and 0.19 respectively), further more, weight at week twenty 
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was positively correlated with pre-weaning daily weight gain, post 
weaning daily weight gain, pre-weaning growth rate and post weaning 
growth rate (r=0.75, 0.97, 0.49 and 0.62 respectively). 
The pre-weaning daily weight gain was positively correlated with 
post weaning daily weight gain, pre-weaning growth rate and post 
weaning growth rate (r=0.76, 0.80 and 0.58), however, post weaning 
daily weight gain was positively correlated with pre-weaning growth rate 
and post weaning growth rate (r=0.66 and 0.80).Whereas the correlation 
between pre-weaning growth rate and post weaning growth rate was 
highly positive (r=0.86). 
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Table (4-13): Correlations between experimental calves traits.  
  
  
  
  
  
  * : Correlation is significant at 0.05 level.  
** : Correlation is significant at 0.01 level.  
   
 
Traits 
 
Weaning 
Weight 
 
 
Weight  at week 
20 
 
 
Pre-weaning 
W.G 
 
 
post weaning 
W.G 
 
Pre-weaning 
growth rate 
 
 
post weaning 
growth rate  
Birth weight 0.37* 0.56* -0.11 -0.21 -0.67** -0.75** 
Weaning   weight   – 0.72** 0.88** 0.61** 0.44** 0.19 
Weight at week 20  – 0.75** 0.97** 0.49** 0.62** 
Pre-weaning daily  W.G    – 0.76** 0.80** 0.58** 
post weaning daily   W.G    – 0.66** 0.80** 
Pre-weaning growth rate     – 0.86** 
 4.2 Effect of feeding regime on calf health  
 
Figure (3) showed the frequency of diarrhea in calves within the 
four groups. Group A showed eight incidences of diarrhea, four cases in 
the first week, three cases in the second week and one case in the third 
week, furthermore, group B supplement recorded only one cases in the 
first week and eight incidence of slight diarrhea in the second and third 
week, four cases for each. Whereas group C showed two cases in the first 
week, group D recorded two cases in the first week and only one case in 
the second.      
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Figure (3): Frequency of diarrhea cases in the experimental calves 
during the study period.   
 
 
 
  
 
 
 
 
 
 
 4.3 Economic Feasibility 
4.3.1 Pre-weaning cost of calves rearing    
4.3.1.1 Cost of raw milk and milk replacer for rearing of group A 
and C 
The cost of raw milk and milk replacer for rearing of group A and 
C was studied from the fifth day of life to weaning (at 3 months of age). 
The data in table (4-14) indicated that the cost of rearing of  calves 
of group C supplement which given milk replacer was significantly less 
than that of group A supplement which given raw milk .The means for 
rearing cost of group A and group C were 479.53±2.13 and 229.83±2.22 
SP/head respectively.  
Table (4-14): Cost of raw milk and milk replacer for group A and C 
during the treatment period (13 weeks). 
  
Supplement Mean  (SP/head) 
Standard 
Error 
A 479.53 a ±2.13 
C 229.83 b  ±2.22 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
4.3.1.2 Cost of dry calf starter given to group A and C  
The cost of dry calf starter given to groups A and C was calculated 
from day 4 of life up to weaning (13 weeks of age). 
The data in table (4-15) indicated that the average cost of dry calf 
starter of group C supplement was significantly (P<0.05) less than that of 
group A supplement. The recorded values were 28.63±0.33 and 
43.05±0.47 SP/head for group C and group A respectively.  
 Table (4-15): Cost of dry calf starter consumed by experimental calves up 
to weaning (13 weeks). 
Supplement Mean  (SP/head) 
Standard 
Error 
A 43.05 a  ±0.47 
C 28.63 b ±0.33 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
4.3.1.3 Cost of raw milk and milk replacer for rearing of group B and 
D 
The cost of raw milk and milk replacer for rearing of group B and 
D was studied from the fifth day of life to weaning (at 3 months of age). 
The data in table (4-16) indicated that the cost of rearing of calves 
given milk replacer (group D) was significantly less than that of calves 
given raw milk (group B). The average cost for rearing of group B and 
group D were 465.79±2.89 and 233.78 ±2.31 SP/head respectively.  
 
Table (4-16): Cost of raw milk and milk replacer for group B and D 
during the treatment period (13 weeks).  
Supplement Mean  (SP/head) 
Standard 
Error 
B 465.79 a ±2.89 
D 233.78 b  ±2.31 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
 
 
 
 4.3.1.4 Cost of dry calf starter given to group B and D  
The cost of dry calf starter given to groups B and D was calculated 
from day 10 of life up to weaning (13 weeks of age).  
The data in table (4-17) indicated that the average cost of dry calf 
starter of group D supplement was significantly less than that of group B 
supplement. The recorded values were 36.66±0.45 and 24.83±0.33 
SP/head for group B and group D respectively.  
Table (4-17): Cost of dry calf starter consumed by experimental calves up 
to weaning (13 weeks). 
 
Supplement Mean (SP/head) 
Standard 
Error 
B 36.66 a  ±0.45 
D 24.83 b ±0.33 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
 
4.3.1.5 Pre-weaning cost of calves rearing per kg body weight    
The data in table (4-18) showed that the pre-weaning cost for 
rearing of  group A ,B , C and D were 11.16±0.67 , 9.79±0.59, 4.46±0.26 
and 4.79±0.28 SP/kg , respectively.  
Table (4-18): Cost of calves rearing per kg body weight.  
 
Supplement Cost of calves rearing  (SP/ kg) Standard Error 
A 11.16 ±0.67 
B 9.79 ±0.59 
C 4.46 ±0.26 
D 4.79 ±0.28 
 4.3.2 Post weaning cost of calves rearing    
4.3.2.1 Cost of concentrate consumed by experimental calves  
The cost of concentrate given to experimental calves was 
calculated from weaning till 20 weeks of age. The data in table (4-19) 
showed that the average cost of concentrate of group A supplement was 
significantly (P<0.05) higher than that of group C and D supplements. 
The recorded values were 52.18±0.57, 37.98±0.44 and 35.95±0.48 
SP/head for group A, C and D respectively. 
Further more, the average cost of concentrate of group B 
supplement was significantly (P<0.05) higher than that of group C and D 
supplements.  
Table (4-19): Cost of concentrate consumed by experimental calves 
during the post weaning period. 
 
Supplement Mean  (SP/head) 
Standard 
Error 
A 52.18 a ±0.57 
B 47.85 a ±0.59 
C 37.98 b ±0.44 
D 35.95 b ±0.48 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
 
4.3.2.2 Post weaning cost of calves rearing per kg body weight    
The data in table (4-20) indicated that the post weaning cost of 
concentrate per kg weight gain for group A , B , C and D were 1.02±0.09, 
0.75±0.07, 0.54±0.05 and 0.56±0.05 SP/kg , respectively.  
 
 Table (4-20): Post weaning cost of concentrate for calves groups per kg 
body weight. 
 
Supplement Cost of calves rearing  (SP/head) 
Standard 
Error 
A 1.02 ±0.09 
B 0.75 ±0.07 
C 0.54 ±0.05 
D 0.56 ±0.05 
 
4.3.3 Benefit of calves weights  
4.3.3.1 Pre-weaning benefit of experimental calves weights 
The data in Table (4-21) demonstrated that there were significant 
differences between group A and group C. Calves maintained on 
supplement C had greatest value of weights benefit (367.38±47.70 
SP/head) compared to the other group, fed on supplement A which 
recorded 290.04±43.26 SP/head. 
Table (4-21): Pre-weaning benefit of weights (SP/head) of the group A 
and C.  
Supplement Mean  (SP/head) 
Standard 
Error 
A 290.04b ±43.26 
C 367.38a ±47.70 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
On the other hand the result indicated that the value of weights 
benefit of calves of group D supplement was significantly (P<0.05) 
higher than that of calves of group B. The recorded values were 
323.94±37.92 and 327.36±42.78 SP/head for group B and group D 
respectively. (Table 4-22). 
 Table (4-22): Pre-weaning benefit of weights (SP/head) of the group B 
and D.  
Supplement Mean (SP/head) 
Standard 
Error 
B 323.94b ±37.92 
D 327.36a ±42.78 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
4.3.3.2 Post weaning benefit of experimental calves weights 
The data in table (4-23) showed that the average post weaning 
benefit of group A supplement weights was significantly (P<0.05) lower 
than that of group C and D supplements. The recorded values were 
312.66±39.21, 433.02±43.47 and 401.04±42.25 SP/head for group A, C 
and D respectively.  
Further more, the average post weaning benefit of group B 
supplement was significantly (P<0.05) lower than that of group C and D 
supplements.  
Table (4-23): Post weaning benefit of experimental calves weights. 
Supplement Mean  (SP/head) 
Standard 
Error 
A 312.66b ±39.21 
B 352.20b ±41.36 
C 433.02a ±43.47 
D 401.04a ±42.25 
 
a, b: Means in the same column followed by same superscript are 
not significantly different (P>0.05). 
 
 
 4.3.4 Benefit of weights / cost ratio (B/C Ratio) 
4.3.4.1 Pre-weaning benefit of weights / cost ratio  
The data in table (4-24) showed the pre-weaning benefit of calves 
weights /cost ratio. The data indicated that the highest value was attained 
by calves belonging to supplement C which was 1.42, this result indicated 
that the project would be beneficial and feasible for group C. 
The lowest value was attained by calves belonging to supplement 
A which was 0.55, the result of this measure indicated that the project 
would be not beneficial and feasible for group A. 
Furthermore, calves belonging to supplement D showed higher 
value compare to calves born to supplement B which were 1.26 and 0.64, 
respectively. These results indicated that the project would be beneficial 
and feasible for group D, and would not beneficial and feasible for group 
B.  
Table (4-24): Pre-weaning benefit of weights / cost ratio of the 
experimental calves. 
 
Supplement Total cost Total benefit B /C 
A 522.58 290.04 0.55 
B 502.45 323.94 0.64 
C 258.46 367.38 1.42 
D 258.61 327.36 1.26 
 
4.3.4.2 Post weaning benefit of weights / cost ratio 
The data in table (4-25) indicated that the post weaning benefit of 
calves weights /cost ratio of group A, B, C and D were 5.99, 7.36, 11.40 
and 11.16, respectively. These results indicated that the project would be 
beneficial and feasible for all experimental calves. 
 
 Table (4-25): Post weaning benefit of weights / cost ratio of the 
experimental calves. 
 
Supplement Total cost Total benefit B /C 
A 52.18 312.66 5.99 
B 47.85 352.2 7.36 
C 37.98 433.02 11.40 
D 35.95 401.04 11.16 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 CHAPTER FIVE 
  
DISCUSSION  
5.1 Calves' growth 
5.1.1 Pre-weaning weight gain  
The pre-weaning weight gain obtained by calves fed milk replacer 
(0.61±0.01 kg/day) was significantly (P<0.05) higher than that obtained 
by calves fed raw milk (0.56±0.01 kg/day). This may be attributed to the 
highly nutritious value of milk replacer compared to the raw milk.  
The average daily pre-weaning weight gain obtained by calves 
given milk replacer was 0.61±0.01 kg/day. This gain was higher than that 
reported by Otterby et al. (1981) when using two kinds of milk replacers, 
skim milk protein milk replacer and soya protein milk replacer for young 
calves and reported 0.39 and 0.24 kg/day weight gain, respectively, and 
that of Kabuga and Kwaku Agyemang (1982) who reported 0.42 kg/day 
for Canadian Holsteins in Ghana. It also was higher than that reported by 
Terosky et al. (1997) who reported 0.37, 0.36, 0.37 and 0.39 kg/day when 
using milk replacer containing 0, 33, 66 and 100% protein from dried 
skim milk, respectively. The obtained result also exceed the result 
reported by Blome et al. (2000) who reported 0.37, 0.45, 0.55 and 0.61 
kg/day when using milk replacer containing protein at rates of 16%, 18%, 
22% and 26%, respectively, and Compinis et al. (2002) who reported 
0.39, 0.24 and 0.29 kg/day when fed calves milk replacer based on milk 
protein and milk replacers with 5 and 10 % soybean protein, respectively.  
The high result obtained in this study may be due to tremendous 
improvement of manufacturing milk replacer in late years. 
On the other hand, the reported results for the calves reared on milk 
replacer in this study (0.61±0.01 kg/day) was lower than that reported by 
 Pritchard et al.  (1987) who reported average pre-weaning weight gain of 
2.12 pound (lb)/day in South Dakota, and Tikofsky et al. (2001) who 
reported 0.65 kg/day for high fat milk replacer. The result was also lower 
than that reported by Langhout (2003) who reported that pre-weaning 
weight gain at first, second, 3rd and 4th month were 0.59, 0.50, 0.77 and 
1.07 kg/day, respectively and Ito, et al. (2006) who reported 0.74 ± 0.23 
kg/day as pre-weaning weight gain for calves weaned at 8 weeks. Results 
of the lower performance of the experimental calves when compared to 
the results of these workers might be attributed to that those workers 
carried their experiments in temperate climate while the current 
experiment was carried in tropical climate.  
The overall average daily pre-weaning weight gain of calves given 
raw milk from birth to weaning (at 3 months of age) was 0.56±0.01 
kg/day. This result was closely similar to the value reported by Bartlett et 
al. (2002) (0.57 kg/day) and Compinis et al. (2002) who reported 0.58 
kg/day. On the other hand, the study value was higher than that obtained 
by Jaster et al. (1989) who reported 98 g/day as pre-weaning weight gain.  
Furthermore, Drackley (1998) reported that the growth of calves fed 
whole milk was 446 g/day.  
From the other hand the study value of this research was lower 
than the values mentioned by Khouri and Pickering (1968) who fed 
whole milk at rates of 15.9%, and 19.4% of body weight, and obtained 
weight gain of 1.37, and 2.07 lb/day, respectively, and Banagga (1996) 
who found the pre-weaning weight gain for calves fed whole milk was 
0.94 kg/day.     
5.1.2 Pre-weaning growth rate    
The pre-weaning growth rate of the experimental calves given milk 
replacer was 1.59±0.05. The rate mentioned in this study was higher than 
 that reported by Otterby et al. (1981) who reported 0.39 and 0.24 growth 
rates for calves fed milk replacer containing skim milk protein and soy 
protein, respectively and Wagenaar and Langhout (2007)  who reported 
0.63 when fed calves milk replace by bucket. 
On the other hand, the overall pre-weaning growth rate of the 
experimental calves given raw milk was 1.47±0.07, this rate was higher 
than that reported by Jaster et al. (1989) who reported 0.98.  
The result of this study indicated that calves of group C grew faster 
than calves of groups D, B and A, respectively. This result illustrated that, 
the calves given milk replacer secured faster growth than calves given 
raw milk. This finding typically agreed with Bartlett et al. (2002) who 
compared growth of male Holstein calves fed medium and high-fat milk 
replacer with whole milk diets, they also found that average weight gain 
of calves fed medium-fat milk replacer was 0.69 kg/day, whereas the 
calves fed whole milk gained 0.57 kg/day.  
5.1.3 Weaning weight  
The weaning weight of calves fed milk replacer (89.63±1.57 kg) 
was significantly greater than the weaning weight of calves fed raw milk 
(85.42±1.78 kg). The value mentioned in this study was higher than that 
reported by the Heifer Project International (HPI) in Cameroon (1999) 
which reported 83 kg and Godden et al. (2003) who reported 134.0 lb. 
On the other hand the study value of this research was lower than 
the values mentioned by Langhout (2003) who reported that the mean 
body weight at weaning of calves fed milk replacer by bucket was 111 
kg, when calves weaned at 118 days and Wagenaar and Langhout (2007) 
who fed calves milk replacer by bucket, and obtained a weaning weight 
of 95 kg.   
 5.1.4 Post weaning weight gain 
The calves fed milk replacer get 0.96±0.01 kg/day as post weaning 
weight gain, which was significantly higher than weight gain of calves 
fed raw milk (0.81±0.02 kg/day).Also data illustrated that, the calves fed 
milk replacer grew faster than calves fed raw milk. 
The post weaning weight gain calculated in this study was higher 
than that reported by Langhout (2003) who reported that the post weaning 
weight gains were 0.71 and 0.85 kg/day at 5th and 6th month 
respectively, and Yanar et al. (2005) who reported that the weight gain 
from weaning to 4 months of age was 0.59 kg/day and from 4 to 6 months 
of age was 0.80±0.04 kg/day. 
From the other side the result of the work was lower than that 
claimed by Jasper and Weary (2002) who illustrated that in calves fed 
milk conventionally the post weaning weight was 0.85 kg/day. 
Furthermore, Ito, et al. (2006) who reported that the calves weaned at 8 
weeks from the restricted ration obtained 1.12 ± 0.15 kg/day as post 
weaning weight gain.  
The average post weaning growth rate of the calves fed milk 
replacer was 0.75±0.08 which was significantly higher than that obtained 
by calves fed raw milk (0.68 ±0.14). 
5.1.5 Weight at week twenty 
The calves fed milk replacer obtained 156.68±2.37 kg as weight at 
week twenty, which was significantly (P<0.05) higher than weight of 
calves fed raw milk (143.37±2.97 kg).  
The study value was higher than that obtained by Compinis et al. 
(2002) who reported the final weights of calves were 70.30, 45.38, 31.50 
and 33.70 kg for calves fed whole milk, milk replacer based on milk 
 protein, milk replacers with 5 and 10 % soybean protein on 120 day of 
age.  
5.1.6 Calves growth as affected by milk replacer, raw milk and dry 
calf starter 
The overall pre-weaning weight gain as affected by milk replacer, 
raw milk and dry calf starter of calves of group C obtained 0.65±0.02 
kg/day, which was greater than pre-weaning weight gain of calves at 
groups D , B and A which were 0.60±0.02 , 0.57±0.02 and 0.52±0.03 
kg/day, respectively. The value mentioned in this study was higher than 
that reported by Quigley and Bernard. (1996) who reported that the body 
weight gain of calves during the 56-day study was 473 g/day and 
Drackley et al. (2002) who reported the average weight gain of heifer 
calves fed milk replacers (18%) and starter containing either 18% or 22% 
crude protein were 1.17 lb/day and 1.10 lb/day respectively. Whereas 
average weight gain of calves fed milk replacers (22%) and starter 
contain 18% and 22% were 1.23 lb/day and 1.32 lb/day respectively. 
The overall weaning weight as affected by milk replacer, raw milk 
and dry calf starter of calves obtained in this study was 87.53±1.22 kg. 
The calves fed milk replacer and dry calf starter (group C and D) 
obtained 93.56±2.09 and 87.00±2.18 kg respectively, as weaning weight, 
which was significantly higher than weaning weights of calves fed raw 
milk and dry calf starter (group B and A) which obtained 86.10±1.72 and 
83.67±2.91 kg, respectively. 
The value mentioned in this study was higher than that reported by 
Quigley and Bernard. (1996) who reported 65.8 kg. The higher weaning 
weight of calves when compare to late worker may be attributed to that 
those workers weaned calves at 56 days of age, instead 90 days.  
 
 
 5.1.7 Correlation between the traits of calves under study 
The results indicated that birth weight was positively correlated 
with weaning weight and weight at week twenty (r=0.37 and 0.56, 
respectively), and negatively correlated with pre-weaning weight gain, 
post weaning weight gain, pre-weaning growth rate and post weaning 
growth rate (r=-0.11, -0.21, -0.67 and -0.75, respectively). 
Weaning weight was positively correlated with weight at week 
twenty, pre-weaning weight gain, post weaning weight gain, pre-weaning 
growth rate and post weaning growth rate (r=0.72, 0.88, 0.61, 0.44 and 
0.19 respectively), further more, weight at week twenty was positively 
correlated with pre-weaning weight gain, post weaning weight gain, pre-
weaning growth rate and post weaning growth rate (r=0.75, 0.97, 0.49 
and 0.62 respectively). 
The pre-weaning weight gain was positively correlated with post 
weaning weight gain, pre-weaning growth rate and post weaning growth 
rate (r=0.76, 0.80 and 0.58), however, post weaning weight gain was 
positively correlated with pre-weaning growth rate and post weaning 
growth rate (r=0.66 and 0.80).The correlation between pre-weaning 
growth rate and post weaning growth rate was positive (r=0.86). 
 
5.2 Effect of milk replacer on calf health 
The result of this study indicated that calves of group A showed 
eight incidences of diarrhea, four cases in the first week, three cases in 
the second week and one case in the third week. Whereas calves of group 
B recorded only one case in the first week and four incidences of slight 
diarrhea in each of the second and third week. Furthermore, the calves of 
group C showed only two cases in the first week, where as group D 
recorded two cases in the first week and only one case in the second.  
 These findings typically agreed with Huuskonen et al. (2005) who 
reported the use of vegetable oil mixtures in milk replacer did not cause a 
higher incidence of diarrhea compared with lard in milk replacer. 
Whereas the result of this study disagreed with Gardner et al. (1989) who 
observed diarrhea as common in calves fed the soy products.  
Also the results in this study indicated that the number of diarrhea 
cases observed in calves groups within first week agreed with Virtala et 
al.  (1996) and Bendali et al. (1999) who reported that more than 52% of 
diarrhea cases and about 60% of all losses occur within the first 7 to 10 
day of life. 
5.3 Economic Feasibility 
5.3.1 Pre-weaning cost of calves rearing    
The result of this study indicated that the cost of rearing of calves 
of groups C and D which were given milk replacer was significantly less 
than that of groups A and B which given raw milk. The average cost for 
rearing of groups C, D, B and A were 229.83±2.22, 233.78±2.31, 
465.79±2.89 and 479.53±2.13 pounds/head, respectively. These findings 
typically agreed with Jaster et al. (1990) who reported that cost of whole 
milk in contrast to milk replacer were  1.32 €/day and 0.72 €/day, 
respectively. 
The pre-weaning cost of raw milk and milk replacer for rearing of 
calves group calculated in this study agreed with Colvin et al. (1968) who 
reported that the increased use of plant protein in milk replacer was 
economy in animal production, and BAMN (2002) which reported that 
the cost of using milk replacers was lower than the cost of whole milk. 
The pre-weaning cost per kg weight gain for group A, B, C and D 
were 11.16, 9.79, 4.46 and 4.79 pound, respectively. This findings 
 typically agreed with Quigley et al. (2006) who  reported that the feed 
costs per kilogram of body weight gain were 1.77, 1.92, and 2.31 Dollars   
for calves fed milk replacer at 454 , 681, and 908 g/day, respectively. 
On the other hand, the value mentioned in this study was contrary 
to Compinis et al. (2002) who reported that the cost of whole milk, milk 
replacer based on milk protein and milk replacers with 5 % soybean 
protein per kg weight gain were 3.34, 3.53, 4.45 and 2.92 Dollars / kg, 
respectively. 
The value of pre-weaning cost per kilogram weight for group C 
and D mentioned in this study was lower than that reported by Brown et 
al. (2005) who reported 2.65 and 2.87 Dollars /kg for calves fed milk 
replacer at rate of 1.1 % of body weight and starter restrictively and 
calves fed milk replacer at rate of 2% of body weight and starter ad 
libitum respectively. 
On the other hand the result of this study indicated that the average 
cost of dry calf starter of groups C and D was significantly (P<0.05) 
lower than that of groups A and B. The recorded values for groups C, D, 
B and A were 28.63±0.33, 24.83±0.33, 36.66±0.45 and 43.05±0.47 
pounds/head, respectively. The study value was lower than that obtained 
by Quigley et al. (2006) who reported that the costs of calf starter intake 
were 25.67±1.75, 16.75±1.60 and 17.85±1.63 Dollars for calves fed milk 
replacer at 454, 681, and 908 g/day, respectively.  
The pre-weaning cost of dry calf starter of calves given milk 
replacer was significantly less than that of calves given raw milk, this 
might be attributed to that calves given milk replacer consume less dry 
calf starter than those given raw milk. These findings typically agreed 
with Hodgson 1971 and Huber et al. 1984 who documented that greater 
intakes of milk replacer decrease intake of calf starter, and disagreed with 
 Richardson and Oliver (1979) who observed that milk intake depressed 
solid food dry matter intake. 
5.3.2 Post weaning cost of calves rearing 
The result of this study indicated that the cost of dry calf starter 
given to groups A and B were significantly (P<0.05) higher than that of 
groups C and D. The recorded values for groups A, B, C and D were 
52.18±0.57, 47.85±0.59, 37.98±0.44 and 35.95±0.48 pounds/head, 
respectively. 
5.3.3 Benefit of calves weights 
5-3-3-1: Pre-weaning benefit of experimental calves weights 
Calves maintained on supplement C had greatest value of weights 
benefit (367.38±47.70 pounds/head) compared to the other group, fed on 
supplement A which recorded 290.04±43.26 pounds/head. Whereas, the 
value of weights benefit of calves of group D supplement was 
significantly (P<0.05) higher than that of calves of group B. The recorded 
values were 323.94±37.92 and 327.36±42.78 pounds/head for group B 
and group D respectively.  
5-3-3-2: Post weaning benefit of experimental calves weights 
The average post weaning benefit of group A supplement weights 
was significantly (P<0.05) lower than that of group C, D and B 
supplements. The recorded values were 312.66±39.21, 433.02±43.47, 
401.04±42.25 and 352.20±41.36 pounds/head for group A, C, D and B 
respectively.  
 
 
 
 
 5-3-4: Benefit of weights / cost ratio (B/C Ratio) 
5-3-4-1: Pre-weaning benefit of weights / cost ratio 
The results of this study indicated that the highest value of pre-
weaning benefit of calves weights /cost ratio was attained by calves of 
supplement C which was 1.42, this result indicated that the project would 
be beneficial and feasible for group C, whereas the lowest value was 
attained by calves of supplement A which was 0.55. The result of this 
measure indicated that the project would be not beneficial and feasible for 
group A. 
Further more, pre-weaning benefit of calves weights /cost ratio of 
calves of supplement D showed higher value compared to calves of 
supplement B which were 1.26 and 0.64, respectively. This results 
indicated that the project would be beneficial and feasible for group D, 
and not beneficial and feasible for group B. 
5-3-4-2: Post weaning benefit of weights / cost ratio 
The result of this study indicated that the post weaning benefit of 
calves weights /cost ratio of group A, B, C and D were 5.99, 7.36, 11.40 
and 11.16, respectively. These results indicated that the project would be 
beneficial and feasible for all experimental calves.  
 
 
 
 
 
 
 
 CONCLUSIONS AND RECOMMENDATIONS 
   
A high quality milk replacer must provide the calf with the 
nutrients it needs to grow and remain healthy. 
 Rearing dairy calves with milk replacer gave better calf 
performance than with whole milk in terms of calf growth, health hazard 
and economic feasibility. 
Usage of milk replacer for feeding young dairy calves saving more 
milk for human consumption and sell to secure economic considerations. 
The good performance of calves and economic feasibility of usage 
of milk replacer must be disseminated to dairy farmers by extension 
services. 
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 APPENDEX TABLES 
 
Appendix 1 : Analysis of variance for the treatments studied. 
 
Traits df Mean Square F Sig. 
Pre-weaning weight gain 1 0.02 4.06 0.05 
Pre-weaning growth rate 1 0.13  1.98 0.17 
  Weaning weight 1 168.42  3.14 0.09 
Post weaning weight gain 1 0.08  12.13 0.00 
Post weaning growth rate  1 1.21 4.79 0.04 
  Weight at week 20 1 1684.45  12.28 0.00 
 
  
Appendix 2 :  Analysis of variance for the treatments studied as 
affected by milk replacer, raw milk and dry calf starter 
  
Traits df Mean Square F Sig. 
Pre-weaning weight gain  3 0.03 6.65 0.00 
Pre-weaning growth rate 3 0.32 7.41 0.00 
  Weaning weight 3 161.45 3.39 0.03 
Post weaning weight gain 3 0.08 23.45 0.00 
Post weaning growth rate  3 1.95 14.79 0.00 
  Weight at week 20 3 1315.64 16.72 0.00 
  
 
  
